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1. Existing Conditions

The subject property consists of approximately 3.05 acres of land, located at the corner
of Tyler Avenue and Bay Ridge Avenue in the City of Annapolis. The site is zoned R2 and
is not located in the Critical Area. There are no wetlands on site. The property originally
consisted of Parcels 761, 762 and part of Parcel 764; now subdivided into 12 residential
lots via record plat entitled “Griscom Square”, recorded among the Land Records of Anne
Arundel County in Plat Book 330, Pages 12-13, Plat Numbers 17038-17039.

There are two existing houses on the property that will remain and be renovated as part
of the development. The site is mostly gently sloping open space lawn with several large
trees and scattered woods in the southwest section of the site. There are areas of
ponding behind Parcel 764 that will be corrected as a result of construction of the
proposed storm drain system.

Resources for the existing site include:

(a) Primary Environmental Features identified on-site:

(i) Streams - There are no streams located on the site.

(ii) Stream Order - N/A

(iii) Stream Buffers — N/A

(iv) Wetlands & Wetland Buffers - There are no wetlands or wetland buffers
present on site.

(v) Floodplain — The subject property is not affected by any known floodplains.
The site is located in Zone X-Unshaded per FEMA FIRM Map Panel 24003C0253F.

(vi) Steep Slopes - There are no steep slopes on site, as defined in Title 17, Chapter
04 of the City Code.

(b) Secondary Environmental Features identified on-site:

(i) Critical Area - The subject property is not located within the Chesapeake Bay
Critical Area.

(ii) Soils - The subject property is comprised of Annapolis-Urban land complex, 0
to 5% slopes (AuB). This soil has a Type C hydrologic classification. This soil type
is not considered hydric or highly erodible.

(iii) Forests — The site contains areas classified as forest. See the included Forest
Stand Delineation plan.

(iv) Cultural Resources — No archaeological resources, historic structures, or
historic sites are known to exist on the subject property.

(v) Miscellaneous — No miscellaneous topographic features are known to exist on-
site.



I. Proposed Condition

The proposed community will have twelve lots with ten new homes, several areas of
community open space, and two new roads, Hopkins Street and Griscom Way. It will also
include several off-street parking spaces and sidewalks connecting the various areas of
open space. Public water and public sewer will serve this development, with proposed
extensions for each.

Storm Drainage will be provided to convey runoff from the upstream drainage area to the
west. The proposed Storm Drainage will tie into the existing system at the intersection of
Tyler Avenue and Bay Ridge Avenue. That existing system eventually outfalls at Back
Creek. A downstream photo tour is included in this report.

Stormwater Management is applied using Environmental Site Design to the maximum
extent practical. There are 6 drainage areas within the site. Each drainage area is
addressed individually with micro-practices specific to their needs.



.  Stormwater Management Design

The overall concept for stormwater management and Environmental Site Design is to
minimize impervious surfaces, optimize the conservation of the site’s natural resources,
and minimize the impact of the development on the surrounding area. For Griscom
Square, the design addresses this in several ways. Micro-practices are utilized to treat
run-off at the source, and flat lawn areas are provided to maximize opportunities for
infiltration and evapotranspiration of runoff. The stormwater management design is
integrated with the storm drain design for comprehensive rainwater management.

Soils for the property are classified as Annapolis-Urban Land complex (AuB), which has a
type ‘C’ hydrological designation. Marshall Engineering, INC., and O’'Berry Engineering,
INC., geotechnical engineers, performed a series of soil borings across the property to
further define the physical soil properties. Their findings, detailed in the attached
geotechnical reports, indicated that certain sections of the property were conducive to
providing subsurface infiltration. The design utilizes that information to incorporate
infiltration practices where site conditions allow.

The target RCN for “woods in good condition” for the development area is 70. The
proposed imperviousness for the development area is 43%. Utilizing Table 5.3 from the
State Manual, a target rainfall depth of 1.8” and a target runoff depth of 0.77” were
determined. From these initial computations, a minimum Environmental Site Design
Volume of 8,582 c.f. of runoff would need to be managed, of which 620 c.f. would need
to be Recharge Volume.

The property was broken down into 6 distinct drainage areas. In accordance with MDE’s
2000 Maryland Stormwater Design Manual, Volumes 1 & 2, stormwater management
requirements are addressed for each drainage area. The computations for the total
development and each drainage area are provided. The total provided ESD Volume
provided is 9,991 c.f, and the total provided Recharge Volume is 2,552 c.f. Those volumes
meet or exceed the required volumes, and so ESD is achieved to the MEP for the
development.



Drum, Loyka, & Associates LLC

Designer.  DE I “Date: August 21, 2015 [Checked By: WB [Date:
Title: Griscom Square [Job No.: BP12804
Subject: ESD Design [Sheet No. of

Site Data (Site Area):

Location: Tyler Avenue, Annapalis, MD

Site Area (DA): 133,060 sf or 3.05 Ac,

Disturbed Area Onsite : 116,560 sf or 268 Ac.

Soils: HSG'A' = 0 sf or 0 Ac. or 0 % of Site
HSG 'B' = 0 sf or 0 Ac. or 0 % of Site
HSG'C' = 133,060 sf or 3.05 Ac, or 100 % of Site
HSG'D' = 0 sf or 0 Ac. or 0 % of Site

Total Hard Surfaces

Step 1: Determine ESD Implementation Goals

A. Determine Pre-Developed Conditions:
Soil Conditions and RCNs for "woods in good condition"

56,649 sf or 1.30 Ac.

HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
C 70 3.05 Ac. 100.00
D 77 0.00 Ac. 0.00

* RCN for "woods in good condition” (Table 2-2, TR-55)
** Actual RCN is less than 30, use RCN = 38
Composite RCN for "woods in good condition™
RCNyoous = [(38x0.00ac)+(55x0.00ac)+(70x3.05a¢)+(77x0.00ac)] / 3.05ac

RCNyooas = 70
Target RCN for "woods in good condition” =
B. Determine Target Pg Using Table 5.3
Pe = Rainfall used to size ESD practices

Proposed imperviousness (%l)
Proposed Impervious Area: 56,649 sf from Site Data Table, above

%l = Imp.Area/Drainage Area =  56,649sf/133,060sf = 4257 % =] 43 %]

- Determine P from Table



Hydrologic Soil Group A’

%l RCN* Pe=1" 12" 14" 16" | 18" 20" | 22" ]| 24" | 286"
0% 40
5% 43
10% 46
15% 48 38
20% 51 40 38 38
25% 54 41 40 39
30% 57 42 41 39 38
35% 60 44 42 40 39
40% 61 44 42 40 39
45% 66 48 46 41 40
50% 69 51 48 42 41 38
55% 72 54 50 42 41 39
60% 74 57 52 44 42 40 38
65% 77 61 55 47 44 42 40
70% 80 66 61 55 50 45 40
75% 84 71 67 62 b6 | 48 40 38
80% 86 73 70 65 60 52 44 40
85% 89 77 74 70 65 58 49 42 38
90% 92 81 78 74 70 65 58 48 42 38
95% 95 85 82 78 75 70 65 57 50 39
100% 98 89 86 83 80 76 72 66 59 40

Use P = inches of rainfall as the target for ESD implementation

Hydrologic Soil Group 'B'

Yol RCN* Pe=1" 12" 14" 16" [ 18" 20" | 22" | 24" | 26"
0% 61

5% 63

10% 65

15% 67 55

20% 68 60 55 | 55

25% 70 64 61 58

30% 72 65 62 | 59 | 55

35% 74 66 63 | 60 | 56

40% 75 66 63 | 60 | 56

45% 78 68 66 | 62 | 58

50% 80 70 67 | 64 | 60

55% 81 71 68 | 65 | 61 55

60% 83 73 70 | 67 | 63 | 58

65% 85 75 72 | 69 | 65 | 60 | 55

70% 87 77 74 | 71 67 | 62 | 57

75% 89 79 76 | 73 | 69 | 65 | 59

80% 91 81 78 | 75 [ 71 66 | 61

85% 92 82 79 | 76 | 72 | 67 | 62 | 55
90% 94 84 81 78 | 74 | 70 | 65 | 59 | 55
95% 96 87 84 | 81 77 | 73 | 69 | 63 | 57
100% 98 89 86 | 83 | 80 [ 76 | 72 | 66 | 59 | 55

Use P = inches of rainfall as the target for ESD implementation




Hydrologic Soil Group 'C'

%l RCN* Pe=1" 12" 14" [ 16" | 18" 20" | 22" | 24" | 28"

0% 74 A

5% 75

10% 76

15% 78

20% 79 70

25% 80 72 70 | 70

30% 81 73 72 71

35% 82 74 73 72 70

40% 84 77 75 73 71

45% 85 78 |76 | 74 7

50% 86 78 76 74 71

55% 86 78 76 74 71 70

60% 88 80 78 76 73 71

65% 90 82 a0 77 75 72

70% 91 82 80 78 75 72

75% 92 83 81 79 75 72

80% 93 84 82 79 76 72

85% 94 85 82 | 79 | 768 | 72

90% 95 86 83 80 77 73 70

95% 97 88 85 82 79 75 71

100% 98 89 86 83 80 76 72 70
UsePy = mlnches of rainfall as the target for ESD implementation

Hydrologic Soil Group 'D'

%l RCN* Pe=1" 12" 14" 16" | 18" [ 20" (22" 24" | 286"

0% 80

5% 81

10% 82

15% 83

20% 84 77

25% 85 78

30% 85 78 77 77

35% 86 79 78 | 78

40% 87 82 81 79 77

45% 88 82 81 79 78

50% 89 83 82 | 80 | 78

55% 90 84 82 | 80 | 78

60% 91 85 83 | &1 78

65% 92 85 83 | 81 | 78

70% 93 86 84 | 81 | 78

75% 94 86 84 81 78

80% 94 86 84 92 79

85% 95 86 84 82 79

90% 96 87 84 | 82 | 79 | 77

95% 97 88 85 82 80 78

100% 98 89 86 83 80 78 77

Use Py

= inches of rainfall as the target for ESD implementation




Compute Composite Pg:

HSG Area Target Pe Net Pg
A 0.00 ac 0.0 000acx000/3.05ac= 0.0
B 0.00 ac 0.0 000acx000/305ac= 0.0
e 3.05 ac 1.8 3.05acx1.80/305ac= 1.8
D 0.00 ac 0.0 000acx000/305ac= 0.0

C. Compute Qg:

| Composite Pc= 1.8

Qe = Runoff depth used to size ESD practices
Qg = Pe"Ry , where:
Pe = 1.8 in (from above)
Ry = 0.05+(0.000)(l); |= 4257 %
= (.05 + 0.009 x (42.57)
= 043
Q. = 18" x 043
= 0.77 inches

ESD Target for the Project

Pe =| 1.8 Inches |composite P, from above

Qe =[ 0.77 Inches |

D. Compute Target ESD, & Rey, for Site:
Required Environmental Site Design Volume (ESDy) for Site:

ESD,
where: Target P

Ry

DA
Target ESDy

n

1]

[(Pe) x (Ry) x (SITE)) 12

I 1.80 in. |(from Table 5.3, above)
(from Q ¢, above)

| 133,060 sf |CII' 3.05 ac (from Site Tabulations, above)
[(1.801in.) x (0.43) x (133,060 sf)] /12 =

Required Minimum Recharge Volume (Re,) for Site:

Rey = [(S)x (Ry) x (SITE))/ 12
Where:
Composite 'S' = | HSG Area Recharge Factor Net 'S’
A 0.00 ac 0.38 0.00 ac x 0.38 /3.05 ac 0.00
B 0.00 ac 0.26 0.00 ac x 0.26/3.05 ac 0.00
C 3.05 ac 0.13 3.05acx0.13/3.05ac 0.13
D 0.00 ac 0.07 0,00 ac x 0.07 / 3.05 ac 0.00
| Composite 's'= 0.13
Ry = fmm WaQ ., above
DA = | 133,060 sf |or 3.05 ac
Min. Rey = [(0.13) x (0.43) x (133,060)] /12




E. Compute P¢ Value & ESDy, or Project

Microscale & Non-Structural Practices

DA ESD Practice DA ESDy Rey |Pg Value Weighted Pg Value
1 Drainage Area 1 17269 sf [ 1,094 cf | 317 cf | 1.80 in.[1.80"x 17,269 sf /133,060sf= 0.23 in.
2 Drainage Area2 89,905 sf [ 6,865 cf | 1,662 cf | 1.90 in.| 1.90" x 89,905 sf /133,060sf= 1.28 in.
3 Drainage Area3 (25140 sf | 1,050 cf [ 157 cf | 1.70 in.[1.70" x 25,140 sf /133,060sf= 0.32 in.
4 Drainage Area 4 22,007 sf 307 cf 41 cf | 1.00 in.[1.00" x 22,907 sf /133,060sf= 017 in.
5 Drainage Area 5 9,666 sf 290 cf | 287 cf | 1.40in.|1.40"x 9,666 sf /133,060sf= 0.10 in,
6 Drainage Area 6 7,732 sf 385 cf 88 cf | 1.90in.[1.90"x 7,732 sf /133,060sf= 0.11 in.

Totals:| 9,991 cf [ 2,552 cf Total Weighted P Value = 2.2 in.
Targets:| 8,582 cf| 620 cf Target P = 1.8 in.
ESDy Provided:| 9,991 cf
Additional Qp Storage: 0 cf
Pe Achieved (12 x ESDy)/(Ry X AREA) = (12 x 9,991c.f.) / (0.43 x 133,060sf) =| 2.1 in.




lll-a. Environmental Site Design — Drainage Area #1

Drainage Area #1 is located on the eastern half of the property, and is comprised of
portions of lot 1, 2, 3, lot 10, and a portion of open space. This area drains toward and
outfalls at the southern property line. Each lot has a small ESD practice to manage runoff
from the proposed dwellings. A micro-bioretention device collects and manages overflow
from the lots, as well as runoff from the shared driveway. The proposed storm drain
system will convey overflow to the existing storm drain system in Bay Ridge Avenue.

Soils in this drainage area have a type “C” hydrologic classifications; the Target RCN for
“woods in good condition” is 70. The proposed imperviousness for the development area
is 41%. Utilizing Table 5.3 from the State Manual, a target rainfall depth (Pg) of 1.8” and
a target runoff depth (Qg) of 0.76” were determined. From these initial computations, a
minimum Environmental Site Design Volume (ESDy) of 1,088 c.f. of runoff would need to
be managed, of which 79 c.f. would need to be Recharge Volume (Rey).

ESD for this drainage area is achieved through the disconnection of rooftop and non-
rooftop runoff, a rain garden, two drywells, and two micro-bioretention devices. The
ESDy provided is 1,094 c.f., and the Rey is 317 c.f. Both of these volumes are greater than
the targets, and therefore, ESD is achieved to the MEP. The proposed development
mimics “woods in good conditions” and satisfies channel protection obligations through
the Reduced Runoff Curve Number Method.



Drum, Loyka, & Associates LLC

Designer: DE [ Date: August 21, 2015 [Checked By: WB [Date:
Title: Griscom Square |Job No.: BP12804
Subject: ESD Design [Sheet No. of

Site Data (Drainage Area 1):

Location:  Tyler Avenue, Annapolis, MD
Drainage Area (DA): 17,269 st or 0.4 Ac.
Soils: HSG'A' = 0sf or 0 Ac. or 0 % of Site
HSG'B' = 0sf or 0Ac. or 0 % of Site
HSG'C' = 17,268 sf  or 04 Ac. or 100 % of Site
HSG'D' = 0sf or 0Ac. or 0 % of Site
Proposed

6,944 sf  or 0.16 Ac.

 Impervious Surfaces

Proposed Alternative

Surfaces = 0sf or 0.00 Ac. |
Existing Off-site

Impervious Surfaces = 153 sf  or 0.00 Ac.
Proposed Hard
Surfaces = 7,097 sf  or 0.16 Ac.
Step 1: Determine ESD Implementation Goals
A. Determine Pre-Developed Conditions:
Soil Conditions and RCNs for "woods in good condition”
HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
C 70 0.40 Ac. 99.99
D 77 0.00 Ac. 0.00

* RCN for "woods in good condition” (Table 2-2, TR-55)

** Actual RCN is less than 30, use RCN = 38

Composite RCN for "woods in good condition”
RCNwoods = [(38x0.00ac)+(55x0.00ac)+(70x0.40ac)+(77x0.00ac)] / 0.40ac
RCquuds =70

Target RCN for "woods in good condition” =

B. Determine Target P Using Table 5.3

Pe = Rainfall used to size ESD practices

Proposed imperviousness (%l)
Proposed Impervious Area: 7,097 sf from Site Data Table, above

%l = Imp. Area/Drainage Area = 7,097sf/17,269sf = 411 % = 41 %]

- Determine P from Table




Hydrologic Soil Group ‘A’

%l RCN* Pe=1" 12" 114" (16" | 18" | 20" 22" | 24" | 26"

0% 40

5% 43

10% 46

15% 48 38

20% 51 40 38 38

25% 54 41 40 39

30% 57 42 41 39 38

35% 60 44 42 | 40 | 39

40% 61 44 42 | 40 | 39

45% 66 48 46 41 40

50% 69 51 48 | 42 | 41 38

55% 72 54 50 42 41 39

60% 74 57 52 44 42 40 38

65% 77 61 55 | 47 | 44 | 42 | 40

70% 80 66 61 55 | 50 | 45 | 40

75% 84 71 67 | 62 | 56 | 48 | 40 | 38

80% 86 73 70 | 65 | 60 | 52 | 44 | 40

85% 89 77 74 70 | 65 | 58 | 49 | 42 | 38

90% 92 81 78 | 74 | 70 | 65 | 58 | 48 | 42 38

95% 95 85 82 | 78 | 75 | 70 | 65 | 57 50 39

100% 98 89 86 | 83 | 80 | 76 | 72 | 66 59 | 40
Use Pg = inches of rainfall as the target for ESD implementation

_Hydrologic Soil Group 'B'

Yol RCN* Pe=1" 12" 114" (16" | 1.8" | 20" | 22" | 24" | 2.6"

0% 61

5% 63

10% 65

15% 67 55

20% 68 60 55 55

25% 70 64 61 58

30% 72 65 62 59 55

35% 74 66 63 60 56

40% 75 66 63 | 60 | 56

45% 78 68 66 | 62 | 58

50% 80 70 67 64 60

55% 81 71 68 65 61 55

60% 83 73 70 | 67 | 63 | 58

65% 85 75 72 | 69 | 65 | B0 | 55

70% 87 77 74 71 67 | 62 57

75% 89 79 76 | 73| 69 | 65 | 59

80% 91 81 78 | 75 | 71 66 | 61

85% 92 82 79 76 72 67 62 55

90% 94 84 81 78 74 70 65 59 55

95% 96 87 84 81 77 | 73 | 69 | 83 | 57

100% 98 89 86 | 83 | 80 | 76 | 72 | 66 | 59 | 55
Use P¢ = inches of rainfall as the target for ESD implementation

I



Hydrologic Soil Group 'C’

%I RCN* Pg = 1" 12" [ 14" [ 16" | 18" [ 20" [ 22" [ 24" | 26"
0% 74

5% 75 4

10% 76

15% 78

20% 79 70

25% 80 72 70 | 70

30% 81 73 72 | 71

35% 82 74 73 | 72 | 70

40% 84 —77 75|73 | P

45% 85 78 76 | 74 | 71

50% 86 78 76 | 74 | 71

55% 86 78 76 | 74 | 71 | 70
60% 88 80 78 | 76 | 73 | 71
65% 90 82 80 | 77 | 75 | 72
70% 91 82 80 | 78 | 75 | 72
75% 92 83 81 [ 79 | 75 | 72
80% 93 84 82 | 79 | 76 | 72
85% 94 85 82 | 79 | 76 | 72
90% 95 86 83 [ 80 | 77 | 73 [ 70
95% 97 88 85 | 82 | 79 | 75 | 71
100% 98 89 86 | 83 | 80 | 76 | 72 | 70

Use Pg = lnches of rainfall as the target for ESD implementation

Hydrologic Soil Group 'D'

%ol RCN* Pe=1" 12" [ 14" 16" | 18" [ 20" [ 22"]| 24" | 2.6"
0% 80

5% 81

10% 82

15% 83

20% 84 77

25% 85 78

30% 85 78 77| 77

35% 86 79 78 | 78

40% 87 82 81 79 | 77

45% 88 82 81 79 | 78

50% 89 83 82 | 80 | 78

55% 90 84 82 80 | 78

60% 91 85 83 | 81 78

65% 92 85 83 | 81 78

70% 93 86 84 | 81 78

75% 94 86 84 | 81 78

80% 94 86 84 | 92 | 79

85% 95 86 84 | B2 | 79

90% 96 87 84 | 82 | 79 | 77
95% 97 88 85 | 82 | 80 | 78
100% 98 89 86 | 83 | 80 | 78 | 77

Use Pg = inches of rainfall as the target for ESD implementation




Compute Composite Pg:

HSG Area Target Pg Net P
A 0.00 ac 0.0 000acx000/040ac= 0.0
B 0.00 ac 0.0 0.00acx 0.00/040ac= 0.0
C 0.40 ac 1.8 040acx1.80/040ac= 1.8
D 0.00 ac 0.0 0.00acx000/040ac= 0.0

| Composite P = 1.8

C. Compute Qg:
Qe = Runoff depth used to size ESD practices
Q = Pe*Ry , where:

Pe = 1.8 in (from above)
Ry = 0.05+(0.009)), I1=4110 %
= 0.05+ 0.009 x (41.10)
= 0.42
Qe = 18" x 042
= 0.76 inches
ESD Target for the Project
P = | 1.8 Inches Icurrlpoaite P, from above

Qe =| 0.76 Inches |

D. Compute Target ESD, & Rey, for Drainage Area 1:
Required Environmental Site Design Volume (ESD,) for DA1:
ESDy = [(Pg) x (Ry) x (DA))/ 12
where: Target Pg = mn’mm Table 5.3, above)

Ry = (from Q g, above)

DA = | 17,269 sf |or 0.40 ac (from Site Tabulations, above)
Target ESDy = [(1.80 in.) x (0.42) x (17,269 sf)] / 12 =

= 1,088 cf

Required Minimum Recharge Volume (Rey) for DA1:
Rey = [(S) x (Ry) x (DA))/ 12

Where:
Composite 'S' = | HSG  Area  Recharge Factor Net 'S’
A 000 ac 0.38 0.00 acx 0.38/ 0.40 ac 0.00
B 000 ac 0.26 0.00 ac x 0.26 / 0.40 ac 0.00
C 040 ac 0.13 0.40 ac x 0.13/ 0.40 ac 0.13
D 000 ac 0.07 0.00 ac x 0.07 / 0.40 ac 0.00
| Composite 'S'= 0.13

Ry = from WQ , above

DA = | 17,269 sf ]or 0.4 ac

Min. Rey = [(0.13) x (0.42) x (17,269)] /12

[ 79cf]




E. Compute Pg Value & ESDy, or Project

DA-1a ESD Practice N-1 Disconnection of Rooftop Runoff
gﬁ?f:gz Roof Area Soil Type D'E‘;?};?; ct Average Slope Wee:ltf: Pe
Lot 3 Roof 278 sf C 156 ft, 20 % 0.20 in.
Lot 2 Roof A 121 sf C 45 ft. 3.0 % 0.60 in.
Lot 2 Roof B 286 sf C 30 ft. 3.0 % 0.40 in.
Lot 2 Roof C 259 sf C 15 ft. 50 % 0.20 in.
Lot 2 Roof D 179 sf C 30 ft. 3.0 % 0.40 in.
sf C ft. % in.
sf Cc ft. % in.
Totals: 1,123 sf |  0.30in.
ESDy = [(Pe) x (Ry) x (A))/ 12 Rey = [(S) x (Ry) x (A))/ 12
where: Pe = {fmm above) S =| 0.13|composite 'S’ from above
Ry = 0.05+ (0.009 x %l) Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 100%) = 0.05 + (0.009 x 100%)
A =| 1,123 sf |or 0.03 ac A =] 1,123 sf |or 0.03 ac
ESDy = (0.30in. x 0.95 x 1,123 sf) / 12 Rey = [(0.13) x (0.95) x (1,123)] /12
DA-1b:| ESD Practice N-2 Disconnection of Non-Rooftop Runoff
- Nan- Soil | Contributin Disconnect Average
Surfece Description Rooftop | HSG Length ’ Length Slopg Pe Value
Lot 3 Stairs 29sf C 10 ft. 15 ft. 2.0 % 1.00 in.
Lot 2 Stairs 42sf C 10 ft. 11 ft. 3.0 % 1.00 in,
Lot 1 Stairs 42 sf  C 10 ft. 15 ft. 30% 1.00 in.
sf ft. ft. % 0.00 in.
Totals: 113 sf | 1.00 in.
ESDy = [(Pe) x (Ry) x (A))/ 12 Rey = [(S) x (Ry) x (A))/ 12
where: Pe = (from chart above) S =\ 0.13|composite 'S’ from above
Ry = 0.05 + (0.009 x %l) Ry = 0.056 + (0.009 x %)
= 0.05 + (0.009 x 100%) = 0.05 + (0.009 x 100%)
A =] 113 sf |or 0.00 ac A =| 113 sf |or 0.00 ac
ESDy = [(1.00in. x 0.95 x 113 sf)] / 12 Rey = [(0.13) x (0.95) x (113)] /12
= =

H




DA-1c

ESD Practice M-7 Rain Garden #1
Contributing Drainage Area = 1,741 st or 0.04 Ac.
Impervious Surfaces in DA = 435 st or 0.01 Ac.

%l = 435 sf 11,741 sf 2 25 %
Minimum Surface Area (A) = 2% of contributing DA

1,741 sfx0.02 = 35 sf MINIMUM
Provided Surface Area (A;) = 35 sf
A= 35 sf = 35 sf 0.K.

Concept Design Estimates:
where: P = 10in x (A/DA)  (Eqn 5.1, MDE)

10 in x i35 sf/ 1,741 sf)

0.05 + (0.009 x %)

0.05 + (0.009 x 25%)
= 028

ESDy = (P x Ry x DA)/12

ESDy = (0.20in. x 0.28 x 1,741 sf) / 12
= (Concept Design Estimale)
Rey = [(S) x (Ry) x (DA)]/ 12
Where: Ry = 0.05+ (0.009 x %l)
0.05 + (0.009 x 25%)

[(0.13) x (0.28) x (1,741sf)] /12

Pe
Ry

1

n

REV

I

Final Design Computations: ESDy based on volume stored in device

Surface area = (efev.- 29.7)
Filter Media Depth = 1.00 ft

0.33 ft (4" #8 stone)
0.67 ft (8" #s7 stone)

Pea Gravel Depth
Gravel Depth
Total Media Depth =

200t
Media Porosity =

Media Storage Volume = 35sf x 2.00ft. x 0.4

n

-
Ponding Depth = 0.50 ft
Side Slopes = 3:1
Max. Water Surface Area = 85 sf (elev: 30.2)

Ponding Storage Volume = [((85sf + 35sf) / 2) x 0.50ft ]
30 cf

ESDy Storage provided = 28cf + 30cf

:

FE Provided

i

(ESDy x 12)/(Ry x DA)

iSBcfx 12)/(0.28 x 1,741sf)

IS



DA-1d| ESD Practice M-6 Micro-Bioretention #1

4,026 sf or 0.09 Ac.
887 st or 0.02 Ac.

1

Contributing Drainage Area
Impervious Surfaces in DA

%l = 887 sf/ 4,026 sf - 22 %
Minimum Surface Area (Ay) = 2% of contributing DA
4,026 sfx0.02 = 81 sf MINIMUM
Provided Surface Area (A;) = 85 sf
A= 85 sf = 81 sf O.K.

Concept Design Estimates:
where: Pe = 15in x (A/DA) (Eqn 5.2, MDE)

15 in x ias sf/ 4,026 sf)

P <[__oszing
Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 22%)
= 025
ESDy = (Pex Ry x DA)/12
ESDy = (0.32in. x 0.25 x 4,026 sf) / 12
= (Cormept Design Estimate)
Rey = [(S) x (Ry) x (DA))/ 12
Where: Ry = 0.05 + (0.009 x %l)
= 0,05+ (0.009 x 22%)
-
Rey = [(0.13) x (0.25) x (4,026sf)] /12

Final Design Computations: ESDy based on volume stored in device

Surface area = (ea!ev.' 28.7)
Filter Media Depth = 2.00 ft

Pea Gravel Depth
Gravel Depth
Total Media Depth

0.50 ft (6in. of #8 stone for Bridging Layer)
0.67 ft (8in. of #57 stone for Gravel Jackel for underdrain)
317 ft

n

Media Porosity =

Media Storage Volume = 85sfx 3.17ft. x 0.4

n

Ponding Depth = 0.50 ft
Side Slopes = 4:1

180 sf (elov. 29.2)
180sf + 85sf) /2) x 0.50ft ]
66 cf
ESD, Storage provided = 108cf + 66¢f
174 cf
Pe Provided = (ESDy x 12)/(Ry x DA)
174cf x 12)/(0.25 x 4,026sf)
2.07 in.

Max. Water Surface Area
Ponding Storage Volume

f

;

Ilo



DA-1e| ESD Practice M-5 Drywells
DA#| Roof Area Pe ESD,, Drywell Storage (n = 0.4) P: Attained | HSG
Lot10 722 sf 1.8in.| 103 cf| 500 x 800 x 800 = 128cf 213 in. Cc
Lot1 519 sf 1.8 in. 74cf | 500 x 700 x 7.00 = 98 cf 227 in. C
0 sf 1.8 in, O0cf| 000 x 000 x 000 = 0 cf 0.00 in. C
0sf|] 0.0in Ocf|] 000 x 000 x 000 = 0 cf 0.00 in. C
Totals: 1,241 sf Rooftop Area ]ESDV = 226 cf 219 in. = Pg




DA~1f|_ ESD Practice M-6 Micro-Bioretention #2

Contributing Drainage Area 11,600 sf or 0.26 Ac.
Impervious Surfaces in DA = 5775 sf or 0.13 Ac.
%l = 5775sf/ 11,500 sf 50 %
Minimum Surface Area (A;) 2% of contributing DA
11,500 sf x 0.02 230 sf MINIMUM
Provided Surface Area (A)) = 311 sf
A= 311 sf = 230 sf  O.K.

Concept Design Estimates:
where: Pe = 15in x (A/DA)  (Eqgn 5.2, MDE)

15 inxi:‘.'l‘l sf/ 11,500 sf)

0.05 + (0.009 x %I)

0.05 + (0.009 x 50%)
= 050

m mn

n

n

Pe
Ry

ESDy = [PE x Ry x DA)/12
ESDy = (0.41in.x 0.50 x 11,500 sf) / 12
= ( Concept Design Estimate)
Rey = [(8) x (Ry) x (DA)) 12
Where: Ry = 0.05+ (0.009 x %l)

0.05 + (0.009 x 50%)
:
Rey = [(0.13) x (0.50) x (11,500sf)] /12

Final Design Computations: ESDy based on volume stored in device

311 sf |(elev: 27.9)

2.00 ft

0.50 ft (6in. of #8 stane for Bridging Layer)

0.67 ft (8in. of #57 stone for Gravel Jacket for underdrain)
347 ft

0.4

Surface area

Filter Media Depth
Pea Gravel Depth
Gravel Depth
Total Media Depth

]

Media Porosity

Media Storage Volume = 311sfx 3.17ft. x 0.4
=
Ponding Depth = 0.50 ft
Side Slopes = 41

512 sf (elev; 28.4)
512sf + 311sf) /2) x 0.50ft.]
206 cf
ESDy Storage provided = 394cf + 206cf

Max, Water Surface Area
Ponding Storage Volume

:

Pe Provided (ESDy x 12)/(Ry x DA)

ieoocf x 12)/(0.50 x 11,500sf)

18



Pe & ESDy, Summary:

Microscale & Non-Structural Practices
DA # ESD Practice DA ESDy, Rey |Pg Value Weighted Pg Value
Disconnection of
1a Rooftop Runoff 1,123 sf 27 cf 12 ¢f | 0.30 in.[0.30" x 1,123 sf /17,269 sf = 0.02 in,
Disconnection of Non-

1b Rooftop Runoff 113 sf 9 cf Tef| 1.00in. [ 1.00"x 113 sf /17,269sf= 0.01 in.
1c Rain Garden #1 1,741 sf 58 cf 5cf| 143 in.[1.43"x 1,741 sf /17.269sf= 0.14 in.
1d | Micro-Bioretention #1 4,026 sf 174 cf 1M1 cf| 207 in|207"x4026sf /17,269sf= 0.48 in.
1e Drywells 1,241 sf | 226 cf | 226 cf | 219in.|2.19" x 1,241 sf /17,269sf= 0.16 in.
1f | Micro-Bioretention #2 (11,500 sf [ 600 cf 62 cf [ 1.2510n.|1.25" x 11,500 sf /17,269 sf = 0.83 in.
Totals:[1,094 cf | 317 cf Total Weighted P Value = 1.6 in.
Targets:| 1,088 cf 79 cf Target Py = 1.8 in.

ESDy Provided:| 1,094 cf

Additional Qp Storage: 0 cf
PeAchieved = (12 x ESDy)/(Ry x AREA) = (12 x 1,094c.f.)/(0.42 x 17,269sf) =| 1.8 in.

i

14



IlI-b. Environmental Site Design — Drainage Area #2

Drainage Area #2 is the largest drainage area on the site. It contains a large portion of
the proposed development, as well as pieces of off-site area. This area drains toward and
outfalls at the south-eastern property corner. A variety of devices are proposed
throughout this drainage area to manage runoff at the source. A submerged gravel
wetlands is proposed at the outfall to provide qualitative management for the entire
drainage area. This device has been undersized, with the understanding that the
upstream micro-practices will provide pretreatment and manage a portion of the target
volume from the contributing drainage area. The proposed storm drain system will
collect over flow and convey it to the existing system in Bay Ridge Avenue.

Soils in this drainage area have a type “C” hydrologic classifications; the Target RCN for
“woods in good condition” is 70. The proposed imperviousness for the development area
is 49%. Utilizing Table 5.3 from the State Manual, a target rainfall depth (Pg) of 1.8” and
a target runoff depth (Qg) of 0.88” were determined. From these initial computations, a
minimum Environmental Site Design Volume (ESDy) of 6,608 c.f. of runoff would need to
be managed, of which 479 c.f. would need to be Recharge Volume (Rey).

ESD for this drainage area is achieved through the disconnection of rooftop and non-
rooftop runoff, four micro-bioretention devices with enhanced filters, eight rain gardens
with enhanced filters, and a submerged gravel wetlands. The ESDy provided is 6,806 c.f.,
and the Rey is 1,638 c.f. Both of these volumes are greater than the targets, and
therefore, ESD is achieved to the MEP. The proposed development mimics “woods in
good conditions” and satisfies channel protection obligations through the Reduced
Runoff Curve Number Method.

70



Drum, Loyka, & Associates LLC

Designer: DE | Date: August 20, 2015 [Checked By: WB |Date:
Title: Griscom Square [Job No.: BP12804
Subject: ESD Design |Sheet No. of
Site Data (Drainage Area 2):
Location: Tyler Avenue, Annapolis, MD
Drainage Area (DA): 89,905 sf or 2.06 Ac.
Soils: HSG'A' = 0sf or 0 Ac.  or 0 % of Site
HSG'B' = 0sf or 0Ac. or 0 % of Site
HSG'C' = 89,905 sf or 2.06 Ac. or 100 % of Site
HSG'D' = 0sf or 0Ac. or 0 % of Site
FProposed On-site
Impervious Surfaces = 38,499 sf  or 0.88 Ac.
Existing Off-site
Impervious Surfaces = 5676 sf  or 0.13 Ac.
Total Impervious
Surfaces in DA = 44 175 sf  ar 1.01 Ac.

Step 1: Determine ESD Implementation Goals

A. Determine Pre-Developed Conditions:
Soil Conditions and RCNs for "woods in good condition”

HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
C 70 2.06 Ac. 100.00
D 77 0.00 Ac, 0.00

* RCN for "woods in good condition" (Table 2-2, TR-55)
** Actual RCN is less than 30, use RCN = 38
Composite RCN for "woods in good condition”

RCNyoass = [(38x0.00ac)+(55%0.00ac)+(70x2,06ac)+(77x0.00ac)] / 2.06ac
RCNyopgs = 70
Target RCN for "woods in good condition" =

B. Determine Target Pg Using Table 5.3

Pe = Rainfall used to size ESD practices

Proposed imperviousness (%l)
Proposed Impervious Area: 44,175 sf from Site Data Table, above
%l = Imp.Area/Drainage Area =  44,175sf/89,905sf = 4914 % =

- Determine Pg from Table



Hydrologic Soil Group 'A'

%I RCN* Pe=1" 1.2 [ 14" | 16" | 18" | 20" | 22" 24" | 2.6"

0% 40

5% 43

10% 46

15% 48 38

20% 51 40 38 38

25% 54 41 40 39

30% 57 42 41 39 | 38

35% 60 44 42 40 39

40% 61 44 42 | 40 | 39

45% 66 48 46 | 41 40

50% 69 51 48 42 41 38

55% 72 54 50 42 41 39

60% 74 657 52 44 42 40 38

65% 77 61 55 | 47 | 44 | 42 | 40

70% 80 66 61 55 | 50 45 | 40

75% 84 74 67 | 62 | 56 48 40 | 38

80% 86 73 70 65 60 52 44 40

85% 89 77 74 | 70 | 65 58 49 | 42 | 38

90% 92 81 78 74 70 65 58 48 42 38

95% g5 85 82 78 75 70 65 57 50 39

100% 98 89 86 83 80 76 72 66 59 40
Use Pg = inches of rainfall as the target for ESD implementation

Hydrologic Soil Group "B’

%l RCN* Pg=1" 1.2 114" | 16" | 18" | 20" | 22" | 24" | 28"

0% 61

5% 63

10% 65

15% 67 55

20% 68 60 55 55

25% 70 64 61 58

30% 72 65 62 | 59 55

35% 74 G6 63 60 56

40% 75 66 63 | 60 | 5B

45% 78 68 66 | 62 | 58

50% 80 70 67 G4 60

55% 81 71 68 65 61 55

60% 83 73 70 67 63 58

65% 85 75 72 | 69 | B5 60 | 55

70% 87 77 74 71 G7 62 57

75% 89 79 76 73 69 65 59

80% 91 81 78 75 71 66 61

85% 92 82 79 76 72 67 G2 55

90% 94 84 81 78 74 70 | 65 59 56

95% 96 87 84 81 77 73 | 69 | 63 57

100% 98 89 B6 83 | 80 76 72 | 66 59 55
Use P = inches of rainfall as the target for ESD implementation

L



Hydrologic Soil Group 'C’

%I RCN* Pe=1" 12" 14" | 16" | 18" | 20" | 22" | 24" | 28"

0% 74 s

5% 75

10% 76

15% 78

20% 79 70

25% 80 72 70 70

30% 81 73 72 71

35% 82 74 73 72 70

40% 84 77 75 73 71

45% 85 78 76 74 71

50% 86- — 76 —F6— 74|71

55% 86 78 76 74 ral 70

60% 88 80 78 76 73 71

65% 90 82 80 77 75 72

70% 91 82 80 78 75 72

75% 92 83 81 79 75 72

80% 93 84 82 79 76 72

85% 94 85 82 | 79 | 78 72

90% 95 86 83 | 80 | 77 | 73 | 70

95% 97 a8 85 | 82 79 | 75 71

100% 98 89 B6 83 80 76 72 70
Use Pg = |l'|ChES of rainfall as the target for ESD implementation

Hydrologic Soil Group ‘D’

%l RCN* Pe=1" 1.2 114" [ 16" | 18" | 20" | 22" | 24" | 28"

0% 80

5% 81

10% 82

15% 83

20% 84 77

25% 85 78

30% 85 78 77 77

35% 86 79 78 78

40% 87 82 81 79 77

45% 88 82 81 79 | 78

50% 89 83 82 80 78

55% a0 84 82 80 78

60% 91 85 83 81 78

65% 92 85 B3 81 78

70% 93 86 84 81 78

75% 94 86 84 81 78

80% 94 86 84 | 92 | 79

85% 85 86 84 | 82 | 79

90% 96 87 84 82 79 77

95% 97 88 85 82 80 78

100% 98 89 86 83 80 78 77

Use P = inches of rainfall as the target for ESD implementation

o



Compute Composite Pg:

HSG Area Target Pg Net Pg
A 0.00 ac 0.0 000acx000/2.06ac= 0.0
B 0.00 ac 0.0 0.00acx000/2068ac= 00
c 2.06 ac 1.8 206acx1.80/206ac= 1.8
D 0.00 ac 0.0 0.00acx0.00/206ac= 0.0

C. Compute Qg:

| Composite P.= 1.8

Qe = Runoff depth used to size ESD practices
Q = Pc*Ry |, where:
Pe = 1.8 in (from above)
Ry = 0.05+(0.009)(l); 1= 49.00 %
= 0.05 + 0.009 x (49.00)
= 049
Qe = 18" x 049
= 0.88 inches

ESD Target for the Project

P = 1.8 Inches |composite P, from above

Qg =| 0.88 Inches

D. Compute Target ESDy & Rey, for Drainage Area 2:
Required Environmental Site Design Volume (ESDy) for DAZ:

ESDy =
where: Target P =

RV=

DA = 89,905 sf |or

[(Pe) x (Ry) x (DA)}/ 12
1.80 in. |(from Tabie 5.3, above)

(from Q g, above)

Target ESDy = [(1.80in.) x (0.49) x (89,905 sf)] / 12 =

Required Minimum Recharge Volume (Re,) for Site:

2.06 ac (from Site Tabulations, above)

Rey = [(S) x (Ry) x (DA))/ 12
Where:
Composite 'S' = | HSG _ Area  Recharge Factor Net 'S’
A 0.00 ac 0.38 0,00 ac x 0.38 / 2.06 ac 0.00
B 000 ac 0.26 0.00 ac X 0.26 / 2.06 ac 0.00
C 206 ac 0.13 2,06acx013/2.06 ac 0.13
D 0.00 ac 0.07 0,00 ac x 0.07 / 2.06 ac 0.00
|_Composite 'S' = 0.13
Ry = frnm wa ,, above
DA = l 89,905 sf |or 2.06 ac
Min. Rey = [(0.13) x (0.49) x (89,905)] /12

Vi



E. Compute Pg Value & ESD, or Project

DA-2a ESD Practice N-1 Disconnection of Rooftop Runoff
Rooftop Roof Area Soil Type Disconnect  Average Slope  Weighted P
p/o Dwelling - Lot 3 129 sf & 30 ft. =5 % 0.40 in.
plo Dwelling - Lot 2 121 sf C 30 fi. <5 % 0.40 in,
Offsite Roof - 1a 836 sf C 45 ft, <5 % 0.60 in.
Offsite Roof -1b 836 sf C 30 ft. =5 % 0.40 in.
Offsite Roof - 2a 834 sf Cc 45 ft. =5 % 0.60 in.
Offsite Roof - 2b 834 sf C 60 ft. =5 % 0.80 in.
Offsite Roof - 3 406 sf c 45 ft. <5 % 0.60 in.
sf C ft. % in.
sf C ft. % in.
Totals: 3,996 sf | 060 in.
ESDy = [(Pe) x (Ry) X (A))/ 12 Rey = [(S) x (Ry) x (A))/ 12
where: Pe = (from above) 5 = curn,uusifa 'S' from ahove
Ry = 0.05+ (0.009 x %l) Ry = 0,05+ (0.009 x %l)
= 0.05 + (0,009 x 100%) = 0.05 + (0.009 x 100%)
A =[__ 3996 sf Jor 0.09 ac A =[__ 3,996 sf |or 0.09 ac
ESDy = (0.60 in. x 0.95 x 3,996 sf) / 12 Rey = [(0.13) x (0.95) x (3,996)] /12
DA-2b| ESD Practice N-2 Disconnection of Non-Rooftop Runoff
Surface Description | Non- | Soil | Contributing | Disconnect | Average | Pg Value
Walk - Lot 3 43sf C 4 ft, 10 ft. <5 % 1.00 in.
Walk - Lot 11 45sf C 4 ft. 10 ft, <5 % 1.00 in,
Walk - Open Space 202sf C 5 1t. 10 fi. =5 % 1.00 in.
sf C t. ft. =5 % 0.00 in.
sf C ft. ft. =5 % 0.00 in.
Totals: 380 sf | 1.00 in.
ESDy = [(Pe) x (Ry) x (A))/ 12 Rey = [(S) x (Ry) x (A))/ 12
where: Pg = (fmm chart above) g = compaslm 'S* from above
Ry = 0.05 + (0.009 x %l) Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 100%) = 0,05 + (0.009 x 100%)
= =
A = 380sflor  001ac A= 380sflor 001 ac

nn

ESDy

[(1.00in.x 0.95x 380 sf)] /12  Rey = [(0.13 x 0.95 x 380 sf)] / 12



DA-2¢c| ESD Practice M-6 Micro-Bioretention #3

Contributing Drainage Area
Impervious Surfaces in DA
%l = 3,868 sf/7 406 sf
Minimum Surface Area (A))
7,406 sfx 0.02
Provided Surface Area (A;) =

Ay =

= 7,406 sf or 017 Ac.
= 3,868 sf or 0.09 Ac.
= 52 %

m

2% of contributing DA
148 st MINIMUM
208 sf

208 sf = 148 st  O.K.

Concept Design Estimates:

where: Pe
Pe

Ry

ESDy

ESDy

REV

Where; Ry

REV

15in x (AJDA)  (Eqn 5.2, MDE)

= 15in iEOB sf/ 7,406 sf)

0.05 + (0.009 x %)
0.05 + (0.009 x 52%)
0.562
(Pe x Ry x DA)/12
(0.42in. x 0.52 x 7,406 sf) / 12
(Concept Design Estimate)
[(S) x (Ry) x (DA)/ 12
0.05 + (0,009 x %)
0.05 + (0.009 x 52%)

| L [ | | | A | N

[(0.13) x (0.52) x (7,408sf)] /12

Final Design Computations: ESD, based on volume stored in device

Surface area

Filter Media Depth
Pea Gravel Depth
Gravel Depth

Total Media Depth

Media Porosity
Media Storage Volume

Ponding Depth

Side Slopes

Max. Water Surface Area
Ponding Storage Volume

ESDy Storage provided

Pe Provided

= 208 sf |(elev: 30.0)

2.00

0.50 ft (Gin. of #8 stone for Bridging Layer)

0.67 ft  (8in. of#57 stane for Gravel Jacket for underdrain)
3.17 ft

0.4
208sfx 3.17ft. x 0.4

0.50 ft
51
463 sf (elev; 30.5)
= [((4B3sf + 208sf) /2) x 0.50ft.]
- 168 cf
= 264cf+ 168¢cf

mw mn m

mnmmn

:

= (ESDy x 12)/(Ry x DA)

i432r:;f x 12)/(0.52 x 7,406sf)

]

DA-2¢| ESD Practice M-9 Enhanced Filter

Filter Bed Area (A))
Media Porsity (n)
Depth

ESDy Provided
Pg Provided

& 208 sf |(from above)
= (below invert of underdrain)

= 0.78 in.

yAS



DA-2d| ESD Practice M-6 Micro-Biorelention #4

5851 sf or 0.13 Ac.
3,495 sf or 0.08 Ac.
60 %

Contributing Drainage Area
Impervious Surfaces in DA
%Il = 3,495 sf/ 5,851 sf
Minimum Surface Area (A) 2% of contributing DA
5,851 5f x 0.02 117 s MINIMUM
Provided Surface Area (A;) = 154 sf
A= 154 sf = 17 s OK.
Concept Design Estimates:
where: Pe 151in x (AYDA)  (Egn 52 MDE)

= 15in x (154 sf/ 5,851 sf)
0.39 in.

Pg =
Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 60%)
= 059
ESDy = (Pg x Ry x DA)12

ESDy = (0.39in. x 0.59 x 5,851 sf) / 12

(Concept Design Estimale)
[(8) x (Ry) x (DA))/ 12

0.05 + (0.009 x %I)

= 0.05 + (0.009 x 60%)

REV
Where: Ry

Rey = [(0.13) x (0.59) x (5,851sf)] /12
=
Final Design Computations: ESDy, based on volume stored in device

Surface area = (er.fav' 30.0)
Filter Media Depth = 1.83 ft
Pea Gravel Depth 033 ft  (4in. of #8 stone for Bridging Layer)

Gravel Depth 0.67 it (8in. of #57 stone for Gravel Jacket for underdrain)

Total Media Depth

Media Porosity
Media Storage Volume

w mn

=
T

154sf x 2.83ft. x 0.4

w mwn

174 f
Ponding Depth = 0.50 ft
Side Slopes = 5.1

326 sf (elev: 30.5)
326sf + 154sf) / 2) x 0.501t.]
120 cf
174cf + 120cf

Max. Water Surface Area
Ponding Storage Volume

:

ESDy Storage provided

Pe Provided = (ESDy x 12)/(Ry x DA)

= i294cf % 12)/(0.59 x 5,851sf)

DA-2d| ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = 154 sf |(from above)
Media Porsity (n) =| 0.4  |@#s7 stone)
Depth = 3.25 ft. |(below invert of underdrain)

ESDy Provided =
Pg Provided = 0.7 in.

&



DA-ZEI ESD Practice M-6 Micro-Bioretention #5

Contributing Drainage Area = 6,067 sf or 0.14 Ac.
Impervious Surfaces in DA - 2,441 sf or 0.06 Ac.
%l = 2441 sf/ 6,067 sf = 40 %
Minimum Surface Area (A)) = 2% of contributing DA
6,067 sfx 0.02 = 121 sf MINIMUM
Provided Surface Area (A) = 123 sf
A= 123 sf = 121 st O.K.

Concept Design Estimates:
where: Pe = 15inx (A/DA)  (Eqn 5.2, MDE)

= 151in x (123 sf/ 6,067 sf)
= 0.30 in.

Pe =[__030in)
Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 40%)
= 04
ESD, = (Pg x Ry x DA)/12
ESDy = (0.30in. x 0.41 x 6,067 sf) / 12
= (Concept Deslgn Eslimates)
Rey = [(8) x (Ry) x (DA)]/ 12
Where: Ry = 0.05 + (0.009 x %)
= 0.05 + (0.009 x 40%)
=
Rey = [(0.13) x (0.41) x (6,067sf)] /12
=
Final Design Computations: ESDy based on volume stored in device
Surface area = (efav.' 31.6)
Filter Media Depth = 2.00 ft

n

Pea Gravel Depth 0.50 ft (6in, of #8 stone for Bridging Layer)
Gravel Depth 0.67 ft  (ain. of #57 stone for Gravel Jackel for underdrain)

Total Media Depth = 347 it

Media Porosity =
Media Storage Volume = 123sfx 3.17fl. x 0.4

1]

- 156 cf
Ponding Depth = 0.50 ft
Side Slopes = 5:1

Max. Waler Surface Area
Ponding Storage Volume

193 sf (elev 321)
193sf + 123sf /2) x 0.50ft
79 cf
ESDy Storage provided = 156¢f + 79cf

[

Pe Provided

(ESDy x 12)/(Ry x DA)

235¢f x 12)/(0.41 x 6,067sf)
DA-2e| ESD Practice M-8 Enhanced Filter |
Filter Bed Area (A) = I____@(rmm above)
Media Porsity (n) = ;#57 stone)
Depth = (be!uwfnvm of underdrain)
ESDy Provided =
Pe Provided =

28



DA-2f] ESD Practice M-6 Micro-Bioretention #6

Contributing Drainage Area
Impervious Surfaces in DA

3,602 sf or 0.08 Ac.
1,460 sf or 0.03 Ac.

%I = 1,460 sf/3,602sf = 41 %
Minimum Surface Area (A) = 2% of contributing DA
3602sfx002 = 72 sf MINIMUM
Provided Surface Area (A) = 87 sf
A = 87 sf = 72 sf O.K.

Concept Design Estimates:
where: Pe 15in x (AYDA)  (Eqn 5.2, MOE)

= 15in x (87 sf/ 3,602 sf)

Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 41%)
= 042
ESD, = (PgxRyx DA)/12
ESDy = (0.36in. x 0.42 x 3,602 sfy/12
- (Concept Design Estimale)
Rey = [(S) x (Ry) x (DA)]/ 12
Where: Ry = 0.05 + (0.009 x %)

0.05 + (0.009 x 41%)
=| 042
Rey = [(0.13) x (0.42) x (3,602sf)] /12
Final Design Computations: ESDy based on volume stored in device
Surface area = 87 sf |(elev: 31.8)
Filter Media Depth 2.00 ft
Pea Gravel Depth 0.50 1t (6in. of #8 stone for Bridging Layer)
Gravel Depth 0.67 ft (8in. of #57 stone for Gravel Jacket for underdrain)
Total Media Depth = 3.17 ft

m. n

1]

Media Porosity
Media Storage Volume

1]

B7sfx 3171 x 0.4

= 110 cf
Ponding Depth = 0.50 ft
Side Slopes = eoH |

Max. Water Surface Area
Ponding Storage Volume

148 sf (elev: 32.3)
148sf + 87sf /2) x 0.50ft |
59 ¢
ESDy Storage provided = 110cf + 59cf

m n
[

Pg Provided

(ESDy x 12)/(Ry x DA)

169cf x 12)/(0.42 x 3,602sf)
=

DA-2f| _ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = (Irom above)
Media Porsily (n) = (#57 stone)
Depth = [j’memw invert of underdrain)
ESDy Provided =
P Provided =

1



DA-2g

ESD Practice M-7 Rain Garden #2

1,150 sf or 0.03 Ac.
627 sf or 0.01 Ac.

Contributing Drainage Area
Impervious Surfaces in DA

nom

%l = 627 sf/ 1,150 sf 55 %
Minimum Surface Area (A)) = 2% of contributing DA
1,150 sfx 0.02 = 23 sf MINIMUM
Provided Surface Area (A) = 65 sf
A = 65 sf = 23sf O.K.

Concept Design Estimates:
where: Pe = 10in x (A/DA)  (Egn 5.1, MDE)

= 10in x (65 sf/ 1,150 sf)
0.57 in.

0.05 + (0.009 x %l)
0.05 + (0.009 x 55%)
0.55
ESDy = (Pgx RyxDA)/12
ESDy = (0.57in.x 0.55x 1,150 sf) / 12

(Concept Design Estimate)

Rey = [(S) x (Ry) x (DA))/ 12
Where: Ry = 0.05 + (0.009 x %l)
0.05 + (0.009 x 55%)

Rey = [(0.13) x (0.55) x (1,150sf)] /12
7 cf

Pe
Ry

I

mw n

m n

Final Design Computations: ESDy based on volume stored in device

Surface area =| 65 sf |(olev. 20.0)
Filter Media Depth = 1.00 ft

Pea Gravel Depth
Gravel Depth

0.33 ft (4"#8 stone)
0.67 ft (8"#57 sione)

w oHon

Total Media Depth
Media Porosity =
Media Storage Volume = 65sf x 2.00ft, x 0.4
*
Ponding Depth = 0.50 ft
Side Slopes = 31

Max. Water Surface Area
Ponding Storage Volume

130 sf (olkv: 20.5)

130sf + 65sf) / 2) x 0.50ft.]
49 cf

ESDy, Storage provided = 52cf + 49¢f

Pe Provided = (ESDy x 12)/(Ry x DA)

= |101Cfx 12)/(0.55 x 1,150sf)

DA-2g|

ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = (from above)
Media Porsity (n) = I 0.4  |#57 stona)
Depth =| 1.5 ft. |(below invert of underdrain)

ESDy Provided =

Pe Provided =

36



DA-2h

ESD Practice M-7 Rain Garden #3

1,744 sf or 0.04 Ac.
836 sf or 0.02 Ac.
48 %
2% of contributing DA
35 sf MINIMUM

Contributing Drainage Area

Impervious Surfaces in DA
%l = 836 sf/ 1,744 sf

Minimum Surface Area (Ay)

1,744 sf % 0.02

Provided Surface Area (A;) = 66 sf
A= 66 sf = 35 sf O.K.
Concept Design Estimates:
where: Pe = 10in x (A/DA)  (Eqn 51, MDE)

= 101in x (66 sf/ 1,744 sf)
Pe =[__038in|

Ry 0.05 + (0.009 x %)
0.05 + (0.009 x 48%)

0.48
ESDV = (PE X Rv X DA]I"Z

ESDy = (0.38in.x0.48 x 1,744 sf) / 12
= (Cnncept Design Estimale)
Rey = [(8) x (Ry) x (DA))/ 12
Where: Ry = 0.05+ (0.009 x %)

0.05 + (0.009 x 48%)

Rey [(0.13) x (0.48) x (1,744sf)] 12

nn

Final Design Computations: ESDy based on volume stored in device

Surfacearea =| 66 sf |(elev: 205

Filter Media Depth 1.00 ft
Pea Gravel Depth 0.33 ft (4" #8 stane)
Gravel Depth 0.67 ft (a"#57 stone)
Total Media Depth

Media Porosity
Media Storage Volume

mow mwn oo

66sf x 2.00ft. x 0.4

Ponding Depth 0.50 ft
Side Slopes 31

Max. Water Surface Area
Ponding Storage Volume

121 sf (elev: 30.0)
121sf + 66sf) / 2) x 0.50f.]
47 ¢
ESDy Storage provided = 53cf + 47cf

(ESDy x 12)/(Ry x DA)

i‘lOch X 12)/(0.48 x 1,744sf)

w o uw m o on

:

P: Provided

DA-2h|

ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) =[ 86 sf |rom above)
Media Forsity (n) =| 0.4 |{#5r stone)

Depth = 2.5 . |(below invert of underdrain)

ESDy Provided =

P Provided =

Sl



DA-2i

ESD Practice M-7 Rain Garden #4

860 sf or 0.02 Ac.
269 sf or 0.01 Ac.

Contributing Drainage Area
Impervious Surfaces in DA

%l = 269 sf / 860 sf N %
Minimum Surface Area (A)) = 2% of contributing DA
860 sfx 0.02 = 17 sf MINIMUM
Provided Surface Area (A;)) = 35 sf
A= 35 sf = 17st O.K,

Concept Design Estimates:
where: Pe = 10in x (AJDA)  (Eqn 51, MDE)

= 10in x (35 sf/ 860 sf)
*

0.05 + (0.009 x %l)
0.05 + (0.009 % 31%)

0.33
ESDy = (Ppx Ry x DA)/12

ESDy = (0.41in. x 0.33 x 860 sf) / 12
= (Cancepl' Design Estimate)
Rey = [(S) x (Ry) x (DA)])/ 12
Where: Ry = 0.05+ (0.009 x %l)

0.05 + (0.009 x 31%)

Rey = [(0.13) x (0.33) x (860sf)] /12

P
Ry

(1]

Final Design Computations: ESDy based on volume stored in device

Surface area =| 35 sf |felev 32 7)
Filter Media Depth 1.00 ft
Pea Gravel Depth 033 ft (4" #8 stone)
Gravel Depth 0.67 ft (8"#57 stone)

Total Media Depth 2.00 ft

Media Porosity
Media Storage Volume

w om o m

b
n

35sfx 2.00ft. x 0.4

w m n

Ponding Depth 0.30 ft
Side Slopes 51

Max. Water Surface Area
Ponding Storage Volume

79 sf (elev 33.0)
79sf + 35sf) / 2) x 0.301t.)
17 cf
28cf + 17cf

mwan mwnn

5

ESDy, Storage provided

Pe Provided = (ESDy x 12)/(Ry x DA)

= i450’f % 12)/(0.33 x 860sf)

DA-2i

ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = (from abave)
Media Porsity (n) =[ 0.4 |57 stone)

Depth = 1 ft. |(petow invert of underdrain)
ESDy Provided =

Pe Provided = 0.59 In.

5L



DA-2j

ESD Practice M-7 Rain Garden #5

1,042 sf or 0.02 Ac.
526 sf or 0.01 Ac.
50 %
2% of contributing DA
21 sf MINIMUM

Contributing Drainage Area

Impervious Surfaces in DA
%l = 526 sf/ 1,042 sf

Minimum Surface Area (A

1,042 sf x 0.02

i om n

n

Provided Surface Area (A) = 36 sf
A= 36 sf = 21 sf O.K.
Concept Design Estimates:
where: Pe = 1010n x (AJDA)  (Egn 5.1, MDE)

= 10in x (36 sf/ 1,042 sf)
Pe =[_035 in]

Ry (.05 + (0.009 x %)
0.05 + (0.009 x 50%)
0.5
ESDy = (Pex Ry x DA)/12
ESDy = (0.35in. x 0.50 x 1,042 sf) / 12
(Concept Design Estimate)

mn

Rey = [(S) x (Ry) x (DA)}/ 12

Where: Ry = 0.05+ (0.009 x %I)
= 0.05 + (0.009 x 50%)
Rey = [(0.13) x (0.50) x (1,042sf)] /12

=[__&cf]

Final Design Computations: ESDy based on volume stored in device

Surface area =[ 36 sf |(elev: 339
Filter Media Depth = 1.00 ft
Pea Gravel Depth = 0.33 ft (4"#8stone)
Gravel Depth = 0.67 ft (8"#57 stone)
Total Media Depth =
Media Porosity =
Media Storage Volume = 36sf x 2.00ft. x 0.4
-
Ponding Depth = 0.50 ft
Side Slopes 31

Max. Water Surface Area
Ponding Storage Volume

78 sf (elev. 33.8)

78sf + 365f) / 2) x 0.50ft,]
N T

ESDy Storage provided = 29cf + 29¢f

Pg Provided

]

(ESDy x 12)/(Ry x DA)

iﬂﬁcfx 12)/(0.50 x 1,042sf)

DA-2j|

ESD Practice M-8 Enhanced Filter

Filter Bed Area (A) = 36 sf |(trom above)
Media Porsity (n) = (#5? stone)
Depth = (befow invert of underdrain)
ESDy Provided =
Pe Provided =

55



DA-2k| ESD Practice M-7 Rain Garden #8

1,029 sf or 0.02 Ac.
353 sf or 0.01 Ac.

Contributing Drainage Area
Impervious Surfaces in DA

{ | |

%l = 353 sf/ 1,029 sf 34 %
Minimum Surface Area (A)) = 2% of contributing DA
1,029sfx0.02 = 21 sf MINIMUM
Provided Surface Area (A;) = 45 sf
A= 45 sf = 21 sf 0.K.

Concept Design Estimates:
where: Pe = 10in x (A/DA)  (Egn 5.1, MDE)

= 10in x i45 sf /1,029 sf)

0.05 + (0.009 x %)
0.05 + (0.009 x 34%)
0.36
ESDy = (Pe x Ry x DA)/12
ESD, = (044 in. x0.36 x 1,029sf) / 12
= (Concept Deslgn Estimate)
Rey = [(S) x (Ry) x (DA))/ 12

Pe
Ry

nn

Where: Ry = 0.05+ (0.009 x %)
= 0.05 + (0.009 x 34%)
=
Rey = [(0.13) x (0.36) x (1,029sf)] /12
-
Final Design Computations: ESDy, based on volume stored in device
Surface area =| 45 sf |(elov 31.5
Filter Media Depth 1.00 ft

Pea Gravel Depth
Gravel Depth

0.33 ft (4" #8 stone)
0.67 ft (8457 stone)

B wom onon

Max, Water Surface Area
Ponding Storage Volume

98 sf (elev: 32.0)

O8sf + 455f) / 2) 4 Q.ﬁDﬂ.]
—

ESDy Storage provided = 36cf + 36cf

72 cf
(ESDy x 12)/(Ry x DA)
72¢f x 12)/(0.36 x 1,029sf)

Total Media Depth I 2.00 ft |
Media Porosity =
Media Storage Volume = 45sf x 2.00ft. x 0.4
5
Ponding Depth = 0.50 ft
Side Slopes = 31

Pg Provided

DA-2k| ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = (Irom above)
Media Porsity (n) = 0.4 |57 stone)
Depth = (be!nw invert of underdirain)
ESDy Provided =

Pg Provided =



DA-2I

ESD Practice M-7 Rain Garden #7

1,625 sf or 0.04 Ac.
870 sf or 0.02 Ac.

Contributing Drainage Area
Impervious Surfaces in DA

n n

%l = 870 sf /1,625 sf 54 %
Minimum Surface Area (A) = 2% of contributing DA
1,625sfx 002 = 33 sf MINIMUM
Provided Surface Area (A;) = 57 sf
A= 57 sf = 33sf O.K.

Concept Design Estimates:
where; Pe = 10in x (AJDA)  (Eqn 5.1, MDE)

= 10inx (57 sf/ 1,625 sf)
Pe = 0.35 in.

Ry = 0.05 + (0.009 x %l)
0.05 + (0.009 x 54%)
0.54
ESDy = (Pz x Ry x DA)/12
ESDy = (0.35in. x 0.54 x 1,625 sf) / 12

= (Cuncapr Design Estimate)

Rey = [(S) x (Ry) x (DA))/ 12

m

nou

Where: Ry = 0.05 + (0.009 x %l)
= 0.05 + (0.009 x 54%)
=054
Rey = [(0.13) x (0.54) x (1,625f)] /12

Final Design Computations: ESD, based on volume stored in device

Surface area (elev: 28.9)
Filter Media Depth 1.00 ft

Pea Gravel Depth
Gravel Depth

0.33 1t (4" #8 stone)
0.67 ft (8"#57 stone)

o nwn

Total Media Depth
Media Porosity =
Media Storage Volume = 57sfx 2.00ft. x 0.4
=
Ponding Depth = 0.50 ft
Side Slopes = 3

Max. Water Surface Area
Ponding Storage Volume

116 sf (elev: 29.4)
116sf + 57sf) / 2) x 0.50ft]
43 cf

:

ESDy Storage provided =

]
B
[+)]

2]
=
4
P
L

)
=

89 cf
(ESDy x 12)/(Ry x DA)

iBBcf X 12)/(0.54 x 1,625sf)

n

Pg Provided

1]

DA-2I|

ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = (from above)
Media Porsity (n) = | 0.4 |(#a7 stone)

Depth = I 2 ft. I.{DEIIIJW invert of underdraln)
ESDy Provided =
Pe Provided =

5



DA-2m

ESD Practice M-7 Rain Garden #8

Contributing Drainage Area = 885 sf or 0.02 Ac.
Impervious Surfaces in DA = 474 sf or 0.0t Ac.
%l = 474 sf / 885 sf = 54 %

Minimum Surface Area (A)) = 2% of contributing DA

B85 sfx0.02 = 18 sf MINIMUM
Provided Surface Area (A;)) = 28 sf

A= 28 sf = 18 sf O.K.
Concept Design Estimates:
where: Pe = 10inx (AJDA) (Eqn 5.1, MDE)

= 10in x (28 sf/ 885 sf)
PE =

Ry = 0.05 + (0.009 x %l)
0.05 + (0.009 x 54%)
= 054
ESDy = (Pg x Ry x DA)/12
ESDy = (0.321in. x 0.54 x 885 sf) / 12
(Concept Design Estimate)

1]

Rey = [(S) x (Rv); (DA)) 12

Where: Ry, = 0.05+ (0.009 x %l)
= 0.05 + (0.009 x 54%)
=
Rey = [(0.13) x (0.54) x (885sf)] /12

Final Design Computations: ESDy based on volume stored in device

Surface area (elev: 28.9)
Filter Media Depth 1.00 ft

Pea Gravel Depth
Gravel Depth

0.33 ft (4"#8 stone)
0.67 ft (a"us7 stone)

mmmwnan

Total Media Depth
Media Porosity =
Media Storage Volume = 28sf x 2.00ft. x 0.4
=
Fonding Depth = 0.50 ft
Side Slopes 31

Max. Water Surface Area 74 sf (olev: 20.4)

Ponding Storage Volume Iii‘Msf + 28sf) [ 2) x 0.50ft.]

ESDy, Storage provided 22cf + 26cf

Pe Provided = (ESDy x 12)/(Ry x DA)
48cf x 12)/(0.54 x 885sf)

n

1]

DA-2m|

ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) =| 28 sf |grom above)
Media Porsity (n) = 04 |57 stone)
Depth = 2 f, |(below invent of underdrain)

ESDy Provided =
Pe Provided =

s




DA-2n

ESD Praclice M-7 Rain Garden #9

690 sf or 0.02 Ac.
308 sf or 0.01 Ac.

Contributing Drainage Area
Impervious Surfaces in DA

%l = 308 sf / 690 sf 45 %
Minimum Surface Area (Ay) = 2% of contributing DA
690 sTx 0.02 = 14 sf MINIMUM
Provided Surface Area (A;) = 23 sf
Ay = 23 5f = 14 sf O.K.

Concept Design Estimates:
where: Pe 10in x (AJDA)  (Egn 5.1, MDE)

= 10inx i23 sf / 690 sf)

0.05 + (0.009 x %l)
0.05 + (0.009 x 45%)

0.46
ESDy = (Pex Ry x DA)/12

ESDy = (0.33in. x 0.46 x 690 sf) / 12
= (Concept Design Eslimate)
Rey = [(S) x (Ry) x (DA))/ 12
Where: Ry = 0.05+ (0.009 x %)

0.05 + (0.009 x 45%)

Rey = [(0.13) x (0.46) x (690sf)] /12

1]

Pe
Ry

" oH

Final Design Computations: ESDy based on volume stored in device

Surface area =| 23 sf |relev 302

Filter Media Depth 1.00 ft
Pea Gravel Depth 0.33 ft (4" #8 stons)
Gravel Depth 0.67 ft (8"#57 stone)

w nm o

Total Media Depth =
Media Porosity =
Media Storage Volume = 23sfx 2.00ft. x 0.4
=
Ponding Depth = 0.50 ft
Side Slopes = 31

Max. Water Surface Area
Pending Storage Volume

70 sf (elev: 30.7)

[((70sf + 23sf) / 2) X 0.50ft ]
23 cf

ESDy Storage provided = 18cf + 23cf

Pe Provided = (ESDy x 12)/(Ry x DA)

i41 cf x 12)/(0.46 x 690sf)

"

n

DA-2n|

ESD Practice M-9 Enhanced Filter

Filter Bed Area (A) = | 23 sf I{r’mm ahove)
Media Porsity (n) = 0.4 |ws7 stone)
Depth = 2 fl. |(below invert of underdrain)

ESDy Provided =

Pg Provided = 0.68 in.

37



DA~20| ESD Practice M-2 Submerged Gravel Wetland #1 _|

1]

Contributing Drainage Area 89,905 sf or 2.06 Ac.

Impervious Surfaces in DA 44,175 sf or 1.01 Ac.
%! = 44,175 sf /89,905 sf 49 %

ESDy:  Runoff volume managed by ESD practice

Target ESDy = [(Pg) x (Ry) x (DA)]/12
Target P =
Ry 0.05 + (0,009 x %lI)

0.05 + (0.009 x 49%)
0.49

[(1.80in.) x (0.49) x (89,905sf)] /12 =
[(S) x (Ry) x (DA))/ 12

[(0.13) x (0.49) x (89,905sf)] 112 =

Submerged Gravel Wetland Design:

n

n

n

Rey

n

This device is the downstream device for this drainage area. The 4 micro-bio devices and the 9 rain gardens
within this drainage area are upstream of this submerged gravel welland, and provide pretreatment for at
least 10% of the total ESDv,

ESDv provided by upstream Micro-bioretention devices: 1,832 cf
ESDv provided by upstream Rain Gardens: 804 cf
Total ESDv provided by upstream devices: 2,636 cf
Required pretreatment volume, 10% of 6,608 cf: 661 cf

Gravel Wetland Design:

Planting Media
Pea Gravel Bridge
Gravel substrate depth

25 ft top elev: 22.0°

0.5 ft top elev: 21.0°

20t top elev: 21.5'
bottom elev: 19.5'

SGW ESD Ponding Volume:

Wetland Surface area
Ponding Depth

Side Slopes

Max. Water Surface Area

Ponding Storage Volume ((2,483sf + 1,467sf) / 2) x 2.00f1.]
=

Pg Provided = (hased on storage volume)

1467 sf (Er22.0)
2001t

31
2483 sf (51240



Pe & ESDy Summary:

Microscale & Non-Structural Practices

DA # ESD Practice DA ESD, Rey |Pe Value Weighted Pr Value

Disconnection of
2a Rooftop Runoff 3,996 sf | 190 cf 41 cf | 0.60 in.|0.60" x 3,996 sf /89,905 sf= 0.03 in,

Disconnection of Non-
2b Rooftop Runoff 380 sf 30 cf 4 cf| 1.00in.[ 1.00"x 380 sf /89,905sf= 0.00 in.

2c¢ | Micro-Bioretention #3 |7 406 sf | 432 cf 42 ¢f | 1.35in.[1.35" x 7,406 sf /89,905 sf= 0.11 in.

2c Enhanced Filter 7406 sf| 250 cf | 250 cf | 0.78 in.|0.78" x 7,406 sf /89,905 sf= 0.06 In.

2d | Micro-Bioretention #4 | 5,851 sf | 294 cf 37 cf | 1.02 in.|1.02"x 5,851 sf /89,905sf= 0.07 in.

2d Enhanced Filter 5851 sf | 200 cf | 200 cf [ 0.70 in.|0.70" x 5,851 sf /89,905 sf= 0.05 in.

2e | Micro-Bioretention #5 | 6,067 sf | 235 cf 27 cf [ 1.13in.[1.13" x 6,067 sf /89,905sf= 0.08 In.
2e Enhanced Filter 6,067 sf | 148 cf | 148 cf | 0.71 in.|0.71" x 6,067 sf /89,905 sf= 0.05 in.

2f | Micro-Bioretention #6 3,602 sf | 169 cf 16 cf | 1.34 in.|1.34" x 3,602 sf /89,905 sf= 0.05 in.

2t Enhanced Filter 3,602 sf| 104 cf| 104 cf | 0.82 in.|0.82"x 3,602 sf /89,905sf= 0.03 in.

29 Rain Garden #2 1,150 sf | 101 cf 7cf| 1.92in.[1.92" x 1,150 sf /89,905 sf= 0.02 in.

2g Enhanced Filter 1,150 sf 39 cof 39 cf | 0.74 in.{0.74" x 1,150 sf /89,905 sf= 0.01 in.

2h Rain Garden #3 1,744 sf [ 100 of 9cf| 1.430in.[1.43" % 1,744 sf /89,805sf= 0.03 in.
2h Enhanced Filter 1,744 sf 66 cf 66 cf | 0.95in.|0.95" x 1,744 sf /89,905 sf= 0.02 in.

2i Rain Garden #4 860 sf 45 cf 3ef| 1.90in.[ 1.90"x860sf /89905sf= 0,02 in.

2i Enhanced Filter 860 sf 14 cf 14 cf | 0.59 in.| 0.59" x 860 sf /89,905 sf= 0.01 in.

2 Rain Garden #5 1,042 sf 58 cf 6 cf | 1.34 in.|1.34" x 1,042 sf /89,905sf= 0.02 in.

2 Enhanced Filter 1,042 sf 36 cf 36 ¢f | 0.83in.10.83" x 1,042 sf /89,905 sf= 0.01 in.

2k Rain Garden #6 1,029 sf 72 cf 4 cf| 233in.|2.33"x 1,029 sf /89,905sf= 0.03 in.

2k Enhanced Filter 1,029 sf 9 cf 9cf | 0.29in.)0.29" x 1,029 sf /89,905sf= 0.00 in.

2| Rain Garden #7 1,625 sf 89 cf Sef| 1.22in,[1.22"x 1,625 sf /89,905sf= 0,02 in,

2 Enhanced Filter 1,625 sf 46 cf 46 cf | 0.63 in.|0.63"x 1,625 sf /89,905sf= 0.01 in.

2m Rain Garden #8 885 sf 48 cf 5¢f | 1.21in.| 1.21"x885sf /89905sf= 0.01 in.
2m Enhanced Filter 885 sf 22 cf 22 cf | 055 in.| 0.55"x885sf /89,905sf= 0.01 in.

2n Rain Garden #9 690 sf 41 cf 3cf| 1.5510n,| 1.55" x 690 sf /89,905 sf= 0.01 in,

2n Enhanced Filter 690 sf 18 cf 18 c¢f | 0.68 in.| 0.68"x690sf /89905sf= 0.01 in.

Submerged Gravel

20 Wetland #1 89,905 sf |3,950 ef | 477 cf | 1.10 in.|1.10" x 89,905 sf /89,905sf= 1.10 in.
Totals:|6,806 cf (1,638 cf Total Weighted Pg Value = 1.9 in.
Targets:| 6,608 cf | 479 cf Target P = 1.8 in.

ESDy Provided:| 6,806 cf

Additional Q; Storage: 0 cf

PeAchieved = (12 x ESD,)/(Ry X AREA) = (12 x 6,806c.f.) / (0.49 x 89,905sf) =] 1.9 in.




lll-c. Environmental Site Design — Drainage Area #3

Drainage Area #3 contains the rear of lots 4, 5 and 6, as well as offsite properties between
those lots and Tyler Avenue. One of the offsite properties, located at 915 Tyler Avenue,
is currently under construction with an approved grading permit, GRD14-0038. The
stormwater management proposed under that grading permit was included in the
computations for this drainage area. This area drains to a sump at the northern property
line of the subject property. A submerged gravel wetlands with a bio-swale forebay is
proposed for qualitative rainwater management, and the proposed storm drain system
will collect overflow and convey it to the existing storm drain system within Bay Ridge
Avenue.

Soils in this drainage area have a type “C” hydrologic classifications; the Target RCN for
“woods in good condition” is 70. The proposed imperviousness for the development area
is 27%. Utilizing Table 5.3 from the State Manual, a target rainfall depth (P¢) of 1.6” and
a target runoff depth (Qe) of 0.46” were determined. From these initial computations, a
minimum Environmental Site Design Volume (ESDy) of 972 c.f. of runoff would need to be
managed, of which 79 c.f. would need to be Recharge Volume (Rey).

ESD for this drainage area is achieved through the use of disconnects, a rain garden with
an enhanced filter, and a submerged gravel wetlands. The ESDy provided is 1,050 c.f., and
the Rey is 157 c.f. Both of these volumes are greater than the targets, and therefore, ESD
is achieved to the MEP. The proposed development mimics “woods in good conditions”
and satisfies channel protection obligations through the Reduced Runoff Curve Number
Method,

Ho



Drum, Loyka, & Associates LLC

Designer: DE | Date: August 21, 2015 |Checked By: WB [Date:
Title: Griscom Square [Job No.. BP12804 |
Subject; ESD Design [Sheet Na, of
Site Data (Drainage Area 3):
Location: Tyler Avenue, Annapaolis, MD
Drainage Area (DA): 25140 sf  or 0.58 Ac.
Soils: HSG'A" = 0sf or 0Ac. or 0 % of Site
HSG'B' = 0sf or 0 Ac.  or 0 % of Site
HSG'C' = 25140 sf  or 0.58 Ac.  or 100 % of Site
HSG'D' = 0sf or 0 Ac.  or 0 % of Site
Proposed
Impervious Surfaces = 6735 sf  or 0.15 Ac.,
Proposed
Alternative Surfaces = 0sf or 0.00 Ac.
Proposed Hard
Surfaces - 6,735 sf  or 0.15 Ac.
Step 1: Determine ESD Implementation Goals
A. Determine Pre-Developed Conditions:
Soil Conditions and RCNs for "woods in good condition”
HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
c 70 0.58 Ac. 100.00
D 77 0.00 Ac. 0.00
* RCN for "woods in good condition” (Table 2-2, TR-55)
** Actual RCN is less than 30, use RCN = 38
Composite RCN for "woods in good condition™
RCNyoose = [(38x0.00ac)+(55x0.00ac)+(70x0,58ac)+(77x0.00ac)] / 0.58ac
RCNyooas = 70
Target RCN for "woods in good condition” =
B. Determine Target P Using Table 5.3
Pe = Rainfall used to size ESD practices
Proposed imperviousness (%l)
Proposed Impervious Area: 6,735 sf from Site Data Table, above
%! = Imp. Area/Drainage Area = 6,736sf / 25,140sf = 2679 % =

- Determine Pg from Table
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Hydrologic Soil Group "A’

%l RCN* Pe=1" 1.2 (14" ] 16" | 18" | 20" | 22" | 24" | 26"

0% 40

5% 43

10% 46

15% 48 38

20% 51 40 38 38

25% 54 41 40 39

30% 57 42 41 39 38

35% 60 44 42 40 39

40% 61 44 42 40 39

45% 66 48 46 | 41 40

50% 69 51 48 42 41 38

55% 72 54 50 42 41 39

60% 74 57 52 | 44 | 42 | 40 | 38

65% 77 61 55 47 44 | 42 40

70% 80 66 61 55 50 | 45 40

75% 84 71 67 62 56 | 48 40 38

80% 86 73 70 | B5 | B0 | 52 | 44 | 40

85% 89 g 74 70 | 65 58 49 42 38

90% 92 81 78 74 70 65 58 48 42 38

85% 95 a5 82 | 78 | 75 [ 70 | 65 | 57 | 50 [ 39

100% 98 89 86 | B3 | 80 76 72 66 59 40
Use P = inches of rainfall as the target for ESD implementation

Hydrologic Soil Group B

%l RCN* Pe=1" 12" | 14" [ 16" | 1.8 | 20" [ 22" | 24" | 26"

0% 61

5% 63

10% 65

15% 67 55

20% 68 60 55 55

25% 70 64 61 58

30% 72 65 62 | 59 | 55

35% 74 66 63 | B0 | 56

40% 75 66 63 [ BO | 56

45% 78 68 66 | B2 | 58

50% 80 70 67 64 | &0

56% 81 71 B8 | 65 | 61 55

60% 83 73 70 | 67 63 58

65% 86 75 72 69 | 65 | 60 55

70% 87 77 74 | 71 | 67 | 62 | 57

5% 89 79 76 73 69 | 65 59

80% 91 81 78 | 75 71 66 51

85% 92 82 79 76 72 67 62 55

90% 94 84 81 78 74 70 65 59 55

95% 96 87 84 81 77 73 69 63 a7

100% 08 89 B6 | 83 [ 80 [ 76 | 72 | 66 | 59 | 55
Use P = inches of rainfall as the target for ESD implementation
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Hydrologic Soil Group 'C’

Yal RCN* Pe=1" 12" 14" [ 16" | 18" 20" | 2.2"| 24" | 2.6"

0% 74

5% 75 A

10% 76

15% 78

20% 79 70

25% B0 72 70 70

30% 81 73 72 | #1

35% 82 74 73 72 70

40% 84 77 75 | 73 | 71

45% 85 78 76 74 73

50% 86 78 76 74 71

55% 86 78 76 74 71 70

60% as 80 78 76 73 1

65% 90 82 80 77 75 72

70% 91 82 80 78 75 72

75% 92 83 81 79 75 72

80% a3 84 82 | 79 | 76 | 72

85% 94 85 82 79 76 72

90% 95 86 83 80 T 73 70

95% 97 88 85 82 79 75 71

100% 98 89 86 | 83 | 80 | 76 | 72 | 70
Use P¢ = | 1.6 |inchas of rainfall as the target for ESD implementation

Hydrologic Soil Group 'D'

Yl RCN* Pe = 1" 12" [ 14" | 16" | 1.8" | 20" | 22" | 24" | 268"

0% 80

5% 81

10% 82

15% 83

20% 84 77

25% 85 i

30% 85 78 77| 77

35% 86 79 78 78

40% 87 82 81 | 79 | 77

45% 88 82 81 78 78

50% 89 83 82 80 78

55% 90 84 82 | 80 | 78

60% 91 85 83 | 81 | 78

65% g2 85 83 | 81 | 78

70% 93 86 84 81 78

75% 94 86 84 81 78

80% 94 86 84 92 79

85% 95 86 84 | 82 | 79

90% 96 87 a4 | 82 | 79 | 77

95% a7 88 85 82 80 /8

100% 98 89 86 83 80 78 77

Use P = 00 Iinches of rainfall as the target for ESD implementation




Compute Composite Pg:

HSG Area Target Pg Net P
A 0.00 ac 0.0 0.00acx0.00/058ac= 00
B 0.00 ac 3.2 0.00acx1.20/058ac= 00
C 0.58 ac 1.6 058acx160/068ac= 16
D 0.00 ac 0.0 0.00acx000/058ac= 00

| Composite Pe= 1.6

C. Compute Qg:
Qp = Runoff depth used to size ESD practices
QF = Pc"Ry |, where:

Pe = 1.6 In (from above)
Ry = 005+ (0.009)l), I1=2679%
= 0.05 + 0.009 x (26.79)
= 0.29
Qe = 1.6" x 029
= 0.6 inches

ESD Tarqet for the Project

P =| 1.6 Inches |composite P, from above
Qe =| 0.46 Inches

D. Compute Target ESDy & Rey for Drainage Area 3:
Required Environmental Site Design Volume (ESDy) for DA3:

ESDy = [(Pg) X (Ry) x (DA)J/ 12
where: Target P =| 1.60 in. |(from Table 5.3, above)
Ry = (from Q ¢, above)
DA = 25,140 sf |or 0.58 ac (rom Site Tabulations, above)
Target ESDy = [(1.60in.) x (0.29) x (25,140 sf)] / 12 =

= 972 cf
Required Minimum Recharge Volume (Rey) for DA3:
Rey = [(8) x (Ry) x (DA))/ 12

Where!
Composite'S' = | HSG  Area  Recharge Factor Net'S'

A 000 ac 0.38 0.00 ac x 0.38 / 0.68 ac 0.00
B 000 ac 0.26 0.00 ac x 0.26/ 0.58 ac 0.00
C 058 ac 0.13 0.58acx013/0 58 ac 0.13
D 000 ac 0.07 0,00 ac x 0.07 / 0.58 ac 0.00

| Composite 's'= 0.13

RV = ﬁ-am WaQ ., above

DA = 25140 sf Ior 0.58
Min. Rey [(0.13) x (0.29) x (25,140)] /112
= | 79 cf|

ac
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E. Compute P Value & ESD, or Project

DA-3a | ESD Practice N-1 Disconnection of Rooftop Runoff
gﬁﬁ:gﬁ Roof Area Soil Type D'ig?\r;?: ot Average Slope We&l;\'tj: Fe
Lot 6 Roof 132 sf c 30 ft. 30 % 0.40 in.
sf C ft. Yo in.
sf C ft Y% in.
sf C ft % in.
sf C fit. % in.
Totals: 132 sf | 0.0 in.
ESDy = [(Pg) x (Ry) x (A))/ 12 Rey = [(5) x (Ry) x (A)]) 12
where: Pe = (z’rom abave) 5 = composna '8 from above
Ry = 0.05+ (0.009 x %lI) Ry = 0.05+ (0.009 x %l)
= 0.05+ (0.009 x 100%) = 0.05 + (0.009 x 100%)
=[ 0.5 =
A=[ 132sflor  000ac A= 132sflor  000ac
ESDy = (0.40in. x0.95x 132 sf) /12 Rey = [(0.13) x (0.95) x (132)] /12

l

g 4c =[]



DA 3b| ESD Practice M-7 Rain Garden - GRD14-0038
2,000 sf or 0.05 Ac.

Contributing Drainage Area (DA)

Impervious Surfaces in DA - 834 sf or 0.02 Ac.
%l = 834 sf/ 2,000 sf = 42 %
Surface Area (A;) = 76 sf

ESD, Concept Design Estimate:
ESDy [(Pe) x (Ry) x (DA))/12
where: Pe 10 in % (AJDA)  (Egn. 53, MDE)

= 10in x (76 sf / 2,000 sf)
Pe = 0.38 in.|(Concept Design Estimate)

Ry = 0.05+ (0,009 x %)
= 005+ (0.009 x 42%)
=| 043
ESDy = (0.38 in. x 0.43 x 2,000 sf) / 12

= (Concept Design Estimate)

Rey = [(S)x (Ry) x (DA))/ 12 ifP. =5

5 = Cumposire 'S from abave
Rey = [(0.13) x (0.43) x (2,000 sf)] 112 =

= 9 cf
ESDy based on velume stored
Micro-Bloretention Design:
Filter Media Depth = 0.50 ft
Pea Gravel Depth 033/t (4" orus)
Gravel Depth 0.50 ft (6"of #5657, Gravel Jacket for underdrain)
Media Porosity = 0.4

Media Storage Volume 76sf x (0,50t + 0.33ft.+ 0.50ft) x 0.4]
40 cf

]

Ponding Depth = 050 ft
Side Slopes = 31
Max. Water Surface Area = 188 sf
Ponding Storage Volume = [((188si + 76sf) / 2) x 0,50ft.]
=
ESDy Storage provided = 40cf + 66cf
.

Pe Provided = (ESDy x 12)/(Ry x DA)  Based on ESD, stored
= %mﬁcf x 12)/(0.43 x 2,000sf)
=] 1.48 in.

DA-3b BMP M-9 Enhanced Filter - GRD14-0038
Filter bed area (A) = 76 sf from above
Media Porosity (n) = 0.40
Depth of stone storage (d) = 225 L (#57 stone)
Additional ESDV provided = (A;x n x d)
= 76sfx 0.40 x 2. 25ft,
-

Pe Provided = (12 x ESD)/(Ry x A)
= (12 x 68cf) / (0.43 x 2,000sf)

Hlo



DA-3c:| ESD Practice M-2 Submerged Gravel Wetland

Contributing Drainage Area = 25,140 sf or
Impervious Surfaces in DA 6,735 sf or
%l = 6735sf/25140 sf 27 %

ESDy:  Runoff volume managed by ESD practice
Target ESDy = [(Pg) x (Ry) x (DA))/12
TargetPe =| 1.60 in.
Ry = 0.05 + (0.009 x %)

n

0.29

1}

n

Rey = [(S) x (Ry) x (DA))/ 12

Submerged Gravel Wetland Design:
Bio-swale Forebay Design:

0.05 + (0.009 x 27%)

[(0.00) x (0.29) x (25,140sf)] /12

0.58 Ac.
0.15 Ac.

[(1.60in.) x (0.29) x (25,140sf)] / 12 = 972 c:f‘l

= 79 cf'

Forebay Surface Area = 157 sf (el 27.0-28.0)
Filter Media Depth = 2.00 ft
Pea Gravel Depth = 0.50 ft (6" of #8 Gravel
Gravel Depth = 1.00 ft (12" of #57 Gravel)
Media Porosity = 0.4

Storage Volume = i15?‘sfx iE.DUfL + 0.50ft+ 1.00) x 0.4]

Side Slopes = 51

Forebay Depth

Water Surface Area
Fonding Storage Volume

|

240 sf

220cf + 50cf

- (20 e

Gravel Wetland Design:

Forebay Storage Volume Provided

Wetland Surface area = 330 sf (El26.5)

Ponding Depth 0.50 ft

Side Slopes = a4
Max. Water Surface Area 540 sf
Ponding Storage Volume

Planting Media = 1.0 ft
Pea Gravel Bridge = 0.5 ft
Gravel substrate depth = 201

Additional Ponded Storage Provided, from weir elevation to top

Base Water Surface Area = 540 sf
Ponding Depth = 0.50 ft
Side Slopes = 311

n

Max. Water Surface Area 997 sf

Fonding Storage Volume

&

384 cf

Wetland Storage Provided

Total Storage Volume = 270cf + 602cf
=| 872cf

Pg Provided =

gl

0.25 1t (From 10-yr Storm)

ii157$f + 240sf) / 2) x 0.25ft ]

|i(5405f + 330sf) /2) x 0,501 ]

997sf + 540sf) /2) x 0.50ft.)

(based on total slorage volume)
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Pe & ESDy Summary:

Microscale & Non-Structural Practices

DA # ESD Practice DA ESDy Rey |Pg Value Waeighted P Value
Disconnection of
3a Rooftop Runoff 132 sf 4 cf 1cf| 040in.| 040"x132sf /25140sf= 0.00 in.
Rain Garden -
3b GRD14-0038 2,000 sf | 106 cf Qcf| 1.48in.|1.48"x 2,000 sf /25140sf= 012 in.
Enhanced Filter -
3b GRD14-0038 2,000 sf 68 cf 68 cf | 0.95in.|0.95" x 2,000 sf /25140sf= 0.08 in.
Submerged Gravel
3c Wetland 25140 sf | 872 cf 79 cf | 1.400n.|1.40" x 25140 sf /25, 140sf= 1.40 in.
Totals:| 1,050 cf | 157 cf Total Weighted Pg Value = 1.6 in.
Targets:| 972 cf 79 cf TargetPr = 1.6 in.
ESDy Provided: | 1,050 cf
Additional Q. Storage: 0 cf
PeAchieved = (12 x ESD(Ry X AREA) = (12x1,050c.£)/(0.29x 25,140sf) =| 1.7 in|

48



lll-d. Environmental Site Design — Drainage Area #4

Drainage Area #4 contains the rear of lots 7, 8 and 9, and the open space at the southern
end of the subject property. This area outfalls to the right-of-way for Cedar Ridge, and
the private property to the west. Runoff from this drainage area is managed at or near
the source by disconnection of runoff and micro practices.

Soils in this drainage area have a type “C” hydrologic classifications; the Target RCN for
“woods in good condition” is 70. The proposed imperviousness for the development area
is 12%. Utilizing Table 5.3 from the State Manual, a target rainfall depth (P) of 1.0” and
a target runoff depth (Qg) of 0.16"” were determined. From these initial computations, a
minimum Environmental Site Design Volume (ESDv) of 305 c.f. of runoff would need to be
managed, of which 40 c.f. would need to be Recharge Volume (Rey).

ESD for this drainage area is achieved through disconnection of rooftop runoff, and two
submerged gravel wetlands. The ESDy provided is 307 c.f., and the Rey is 41 c.f. Both of
these volumes are greater than the targets, and therefore, ESD is achieved to the MEP.
The proposed development mimics “woods in good conditions” and satisfies channel
protection obligations through the Reduced Runoff Curve Number Method.

HO



Drum, Loyka, & Associates LLC

Designer. __ DE | Date: August 19, 2015 [Checked By: WB [Date:
Title: Griscom Square [Job No.. BP12804 |
Subject: ESD Design |Sheet No. of |

Site Data (Drainage Area 4):

Location:  Tyler Avenue, Annapolis, MD

Drainage Area (DA): 22,907 sf  or 0.53 Ac,

Soils: HSG'A' = 0sf or 0Ac. or 0 % of Site
HSG'B' = 0sf or 0Ac. or 0 % of Site
HSG'C' = 22907 sf  or 0.53 Ac. or 100 % of Site
HSG'D' = 0sf or 0Ac. or 0 % of Site

Proposed On-site
Impervious Surfaces 2,776 sf  or 0.06 Ac.
Step 1: Determine ESD Implementation Goals

A. Determine Pre-Developed Conditions:
Soil Conditions and RCNs for "woods in good condition”

HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
C 70 0.53 Ac. 100.00
D 77 0.00 Ac. 0.00

* RCN for "woods in good condition" (Table 2-2, TR-55)
** Actual RCN is less than 30, use RCN = 38
Composite RCN for "woods in good condition”
RCN,uois = [(BBxD,OUac)+(55x0.DOac)+(70x0.5330)+(?7x0.003¢)] / 0.53ac

RCNyooas = 70
Target RCN for "woods in good condition” =
B. Determine Target Pg Using Table 5.3

P = Rainfall used to size ESD practices

Proposed imperviousness (%l)
Proposed Impervious Area: 2,776 sf from Site Data Table, above
%l = Imp.Area/Drainage Area = 2,776sf / 22,907sf = 1212 % =

- Determine Py from Table



Hydrologic Soil Group 'A’

%I RCN* Pe=1" 12'[ 14" [ 16 [18 2022 [ 24" | 26"
0% 40

5% 43

10% 46

15% 48 38

20% 51 40 38 | 38

25% 54 4 40 | 39

30% 57 ) 41 | 39 | 38

35% 60 44 42 | 40 | 39

40% 61 44 42 | 40 | 39

45% 66 48 46 | 41 | 40

50% 69 51 48 | 42 | 41 | 38

55% 72 54 50 | 42 | 41 | 39

60% 74 57 52 | 44 | 42 | 40 | 38

65% 77 61 55 | 47 | 44 | 42 | 40

70% 80 66 61 | 55 | 50 | 45 | 40

75% 84 71 67 | 62 | 56 | 48 | 40 | 38

80% 86 73 70 | 65 | 60 | 52 | 44 | 40

85% 89 77 74 | 70 | 65 | 58 | 49 | 42 | 38
90% 92 81 78 | 74 | 70 | 65 | 58 | 48 | 42 | 38
95% 95 85 82 | 78 | 75 | 70 | 65 | 57 | 50 | 39
100% g8 89 86 | 83 | 80 | 76 | 72 | 66 | 59 | 40

Use Py = inchas of rainfall as the target for ESD implementation

Hydrologic Soil Group 'B'

%l RCN* Pe=1" 12"]114") 16" | 18" | 20" 22"| 24" | 26"
0% 61

5% 63

10% 65

15% 67 55

20% 68 60 55 | 55

25% 70 64 61 58

30% 72 65 62 | 59 | 55

35% 74 66 63 | 60 | 56

40% 75 66 63 | 60 | 56

45% 78 68 66 | 62 | 58

50% 80 70 67 | 64 | 60

55% 81 71 68 | 65 | 61 55

60% 83 73 70 | 67 | 63 | 58

65% 85 75 72 | 69 | 65 | 60 | 55

70% 87 77 74 | 71 67 | 62 | 57

75% 89 79 76 | 73 | 69 | 65 | 59

80% N 81 78 | 75 | 71 66 | 61

85% 92 82 79 | 76 | 72 | 67 | 62 | 55

90% 94 84 81 78 | 74 | 70 [ 65 | 59 | 55
95% 96 87 84 | 81 /7 | 73| 89 | 63 | 57
100% 98 89 86 | 83 | 80 | 76 | 72 | 66 | 59 | 55

Use Py = inches of rainfall as the target for ESD implementation




Hydrologic Soil Group 'C'

%I RCN* Pe=1" 12" 14" | 16" [ 18" ]| 20" | 22" [ 24" [ 26"

0% 74

5% 75

10% 76

15% —78 —

20% 79 70

25% 80 72 70 | 70

30% 81 73 72 | 71

35% 82 74 73 | 72 | 70

40% 84 77 75 | 73 | 71

45% 85 78 76 | 74 | 71

50% 86 78 76 | 74 | 71

55% 86 78 76 | 74 | 71 | 70

60% 88 80 78 | 76 | 73 | 71

65% 90 82 80 | 77 [ 75 | 72

70% 91 82 80 | 78 | 75 | 72

75% 92 83 81 | 79 | 75 | 72

80% 93 84 82 | 79 | 78 | 72

85% 94 85 82 [ 79 | 76 | 72

90% 95 86 83 | 80 | 77 | 73 | 70

95% 97 88 85 | 82 [ 79 | 75 | 71

100% 98 89 86 | 83 [ 80 | 76 | 72 | 70
Use P = 1.0 |inches of rainfall as the target for ESD implementation

Hydrologic Soil Group 'D'

%l RCN* P =" 12" | 14" | 16" | 1.8"| 20" | 22" [ 24" [ 26"

0% 80

5% 81

10% 82

15% 83

20% 84 77

25% 85 78

30% 85 78 77 | 77

35% 86 79 78 | 78

40% 87 82 81 | 79 | 77

45% 88 82 g1 | 79 | 78

50% 89 83 82 | 80 | 78

55% 90 84 82 | 80 | 78

60% 91 85 83 | 81 | 78

65% 92 85 83 | 81 | 78

70% 93 86 84 | 81 | 78

75% 94 86 84 | 81 | 78

80% 94 86 84 | 92 | 79

85% 95 86 84 | 82 | 79

90% 96 87 84 | 82 | 79 | 77

95% 97 88 85 | 82 | 80 | 78

100% 98 89 86 | 83 | 80 | 78 | 77
UsePr = [ 0.0 [inches of rainfall as the target for ESD implementation
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Compute Composite Pg:

HSG Area Target Pg Net Pg
A 0.00 ac 0.0 0.00acx0.00/053ac= 0.0
B 0.00 ac 0.0 0.00acx0.00/0.53ac= 0.0
c 0.53 ac 1.0 0.53acx1.00/053ac= 1.0
D 0.00 ac 0.0 0.00acx0.00/053ac= 00

| Composite P.= 1.0

C. Compute Qg:

Qe = Runoff depth used to size ESD practices
Qg = Pc*Ry |, where:
P: = 1.0 in (from above)
Ry = 0.05+(0.009)(I); 1= 1212 %
= 0.05+0.009 x (12.12)
= 016
Qe = 10" x 0186
= 0.16 inches

ESD Target for the Project
Pr = | 1.0 Inches lcomposite P, from above

Q; =| 0.16 Inches |

D. Compute Target ESDy & Rey for Drainage Area 4:
Required Environmental Site Design Volume (ESDy) for DA4:
ESDy = [(Pg) x (Ry) x (DA))/ 12
where: Target Pg 1.00 in. |(from Table 5.3, above)

Rv = (fmm Q g, above)

DA =| 22907 sf |Ol’ 0.53 ac (from Site Tabulations, above)

Target ESD,,

I

Required Minimum Recharge Volume (Rey) for DA4:
Rey = [(S) x (Ry) x (DA))/ 12

[(1.00in.) x (0.16) x (22,907 sf)] / 12 =

Where:
Composite 'S'= | HSG _ Area _ Recharge Factor Net 'S*
A 000 ac 0.38 0.00 acx 0.38/0.53 ac 0.00
B 000 ac 0.26 0.00 ac x 0.26/ 0.53 ac 0.00
C 053 ac 0.13 0.53 acx 0,13/ 0.53 ac 0.13
D 000 ac 0.07 0.00 ac x 0.07 / 0.53 ac 0.00
| Composite's'= 0.13
Ry = from WaQ ., above
DA =| 22,907 sf |or 0.53 ac

Min. Rey = [(0.13) x (0.16) x (22,907)] /12
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E. Compute P¢ Value & ESDy, or Project

DA-4a:| ESD Practice N-1 Disconnection of Rooftop Runoff
gg;zgg Roof Area Soil Type D'ig?}g?: d Average Slope Weg:fjj Fe
Lot 7 - Roof Area A 341 sf C 30 ft. 2.0 % 0.40 in.
Lot 7 - Roof Area B 121 sf Cc 15 ft. 2.0 % 0.20 in.
Lot 9 - Roof Area A 347 sf Cc 15 ft. 2.0 % 0.20 in.
Lot 9 - Roof Area B 294 sf c 75 ft. 2.0 % 1.00 in.
Lot 9 - Roof Area C 406 sf C 75 ft. 1.0 % 1.00 in.
Lot 9 - Roof Area D 259 sf C 15 ft. 1.0 % 0.20 in.
p/o Garage - Lot 9 264 sf C 75 ft. 20% 1.00 in.
p/o Dwelling - Lot 8 611 sf C 75 ft. 2.0 % 1.00 in.
Totals: 2,643 sf | 0.70 in.
ESDy = [(Pe) x (Ry) x (A)) 12 Rey = [(S) x (Ry) x (A))/ 12
where: F‘|_= = m(fmm above) S = composite 'S' from above
Ry = 0.05+ (0.009 x %) Ry = 0.05+(0.009 x %l)
= 0.05 + (0.009 x 100%) = 0.05 + (0.009 x 100%)
A =| 2,643 sf |or 0.06 ac A =] 2,643 sf |or 0.06 ac
ESDy = (0.70in, x 0,95 x 2,643 sf) /12 Rey = [(0.13) x (0.95) x (2,643)] 12
DA-4b:| ESD Practice M-2 Submerged Gravel Wetland #3 ]
Contributing Drainage Area = 2313 sf or 0.05 Ac.
Impervious Surfaces in DA = 809 sf or 0.02 Ac.
%l = 809 sf /2,313 sf - 35 %

ESDy:  Runoff valume managed by ESD practice
Target ESDy = [(Pg) x (Ry) x (DA)]/12

Target Py =

Ry = 0.05+ (0.009 x %)
- = 0,05 + (0.009 x 35%)
= = 037
= [(1.00in.) x (0.37) x (2,313sf)] / 12 =
Rey = [(S) x (Ry) x (DA)])/ 12
= [(0.13) x (0.37) x (2,313sf)] /12 =

Submerged Gravel Wetland Design:
Gravel Wetland Design:

Wetland Surface area 140 sf (£/26.5)

Ponding Depth = 0.50 ft
Side Slopes = 3:1
Max. Water Surface Area = 230 sf
Ponding Storage Volume = [((230sf + 140sf) /2) % 0.50ft.]
Planting Media = 1.0 ft
Pea Gravel Bridge = 0.5 ft
Gravel substrate depth = 20ft

Wetland Storage Provided

Pe Provided = (basad on total storage volume)

4



DA-4c:| ESD Practice M-2 Submerged Gravel Wetland #4

Contributing Drainage Area 1,306 sf or 0.03 Ac.
Impervious Surfaces in DA 391 sf or 0.01 Ac.
%l = 391 sf/ 1,306 sf 30 %
ESDy:  Runoff volume managed by ESD practice
Target ESDy = [(Pg) x (Ry) x (DA))/12

m n

Target Py =
Ry = 0.05+ (0.009 x %)
= 0.05 + (0.009 x 30%)
= 032

[(1.00in.) x (0.32) x (1,306sf)] / 12 =[ 35cf]

[(S) x (Ry) x (DA))/ 12
[(0.13) x (0.32) x (1,306sf)] /12 = 5¢f

Submerged Gravel Wetland Design:
Gravel Wetland Design:

n

Rey

Wetland Surface area = 92 sf (El126.5)
Ponding Depth = 0.50 ft
Side Slopes = 3:1

Max. Water Surface Area = 178 sf

Ponding Storage Volume = [((178sf + 92sf) /2) x 0.50ft |
68 cf
Planting Media = 1.0 ft
Pea Gravel Bridge = 0.5 ft
Gravel substrate depth = 2.0 ft

Wetland Storage Provided 68 cf

Pe Provided = (based on total storage volume)

55



Pe & ESDy Summary:

Microscale & Non-Structural Practices

DA # ESD Practice DA ESDy Re, |PgValue Weighted P Value
Disconnection of
4a Rooftop Runoff 2643 sf | 146 cf 27 cf| 070 in.[0.70" x 2,643 sf /22,907 sf= 0.08 in.
Submerged Gravel
4h Wetland #3 2,313 sf 93 cf 9cf| 1.30in.|1.30"%x2313sf /22007sf= 0.13 in.
Submerged Gravel
4c Wetland #4 1,306 sf 68 cf 5cf | 2,00 in.|2.00"x 1,306 sf /22,907 sf= 0.11 in.
sf cf cf in. 0.00"x0sf /22,907 sf= 0.00 in.
sf cf cf in. 0.00"x0sf /22907sf= 0.00in.
Totals:| 307 cf a1 cf Total Weighted P Value = 0.3 in.
Targets:| 305 cf 40 cf TargetPz = 1.0 in.
ESDy Provided:| 307 cf
Additional Qp Storage: 0 cf
PeAchieved = (12x ESD,)/(Ry x AREA) = (12 x 307c.f.)/(0.16 x 22,907sf) = | 1.0 in,|
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lll-e. Environmental Site Design — Drainage Area #5

Drainage Area #5 contains the rear of lots 1, 3 and 10 at the northeastern end of the
property. This area outfalls to the right-of-ways for both Tyler Avenue and Bay Ridge
Avenue. Runoff from this drainage area is managed at or near the source by
disconnection of runoff and micro practices.

Soils in this drainage area have a type “C” hydrologic classifications; the Target RCN for
“woods in good condition” is 70. The proposed imperviousness for the development area
is 22%. Utilizing Table 5.3 from the State Manual, a target rainfall depth (Pg) of 1.2” and
a target runoff depth (Q¢) of 0.3” were determined. From these initial computations, a
minimum Environmental Site Design Volume (ESDy) of 242 c.f. of runoff would need to be
managed, of which 26 c.f. would need to be Recharge Volume (Rey).

ESD for this drainage area is achieved through the use of disconnection of non-rooftop
runoff, and three drywells. The ESDy provided is 290 c.f., and the Rev is 287 c.f. Both of
these volumes are greater than the targets, and therefore, ESD is achieved to the MEP.
The proposed development mimics “woods in good conditions” and satisfies channel
protection obligations through the Reduced Runoff Curve Number Method.
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Drum, Loyka, & Associates LLC

Designer: DE [ Date: August 21, 2015 |Checked By: WB |Date:
Title: Griscom Square |Job No.: BP12804
Subject: ESD Design [Sheet No. of
Site Data (Drainage Area 5):
Location:  Tyler Avenue, Annapolis, MD
Drainage Area (DA): 9,666 sf or 0.22 Ac.
Soils: HSG'A' = 0sf or 0Ac. or 0 % of Site
HSG'B' = 0sf or 0Ac. or 0 % of Site
HSG'C' = 9,666 sf or 0.22 Ac. or 100 % of Site
HSG'D' = 0sf or 0 Ac.  or 0 % of Site
Proposed On-site
Impervious Surfaces = 2,128 sf  or 0.05 Ac.
Proposed Off-site
Impervious Surfaces = 0sf or 0.00 Ac.
Total Proposed
Impervious Surfaces = 2128 sf  or 0.05 Ac.

Step 1: Determine ESD Implementation Goals
A. Determine Pre-Developed Conditions:

Soil Conditions and RCNs for "woods in good condition”

HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
Cc 70 0.22 Ac. 100.00
D 77 0.00 Ac. 0.00

* RCN for "woods in good condition” (Table 2-2, TR-55)
** Actual RCN is less than 30, use RCN = 38
Composite RCN for "woods in good condition”

RCNyoods = [(38x0.00ac)+(55x0.00ac)+(70x0.22ac)+(77x0.00ac)] / 0.22ac
RCNyooas = 70
Target RCN for "woods in good condition" =

B. Determine Target Pg Using Table 5.3

Pe = Rainfall used to size ESD practices

Proposed imperviousness (%l)

Proposed Impervious Area;

%Il = Imp. Area/ Drainage Area =
- Determine Pg from Table

2,128 sf from Site Data Table, above

2,128sf / 9,666sf = 2202% =[__ 22 %]



Hydrologic Soil Group "A’

%I RCN* Pe=1" 12" 114" | 16" | 1.8" | 20" | 22" | 24" | 2.6"

0% 40

5% 43

10% 46

15% 48 38

20% 51 40 38 38

25% 54 41 40 39

30% 57 42 41 39 38

35% 60 44 42 40 | 39

40% 61 44 42 40 | 39

45% 66 48 46 41 40

50% 69 51 48 42 41 38

55% 72 54 50 42 41 39

60% 74 57 52 44 42 40 38

65% 77 61 55 | 47 | 44 | 42 | 40

70% 80 66 61 55 | 60 | 45 | 40

75% 84 71 67 62 56 48 40 38

80% 86 73 70 65 60 52 44 40

85% 89 77 74 70 65 58 49 42 38

90% 92 81 78 74 70 65 58 48 42 38

95% 95 85 82 78 | 75 70 | 65 | 57 50 39

100% o8 89 86 83 80 76 72 66 59 40
UsePg = Inches of rainfall as the target for ESD implementation

Hydrologic Soil Group 'B'

%l RCN* Pe=1" 1.2 [ 44" | 16" | 18" ]| 20" | 22" ]| 24" | 2.8"

0% 61

5% 63

10% 65

15% 67 55

20% 68 60 55 55

25% 70 64 61 58

30% 72 65 62 59 55

35% 74 G6 63 60 56

40% 75 66 63 | 60 | 56 |}

45% 78 68 66 | 62 58

50% 80 70 67 64 60

55% 81 71 68 | 65 | 61 55

60% 83 73 70 67 63 58

65% 85 75 72 69 65 60 55

70% 87 77 74 71 67 62 57

75% 89 79 76 | 73 | 69 | 65 | 59

80% 91 81 78 75 71 66 61

85% 92 82 79 76 72 67 62 55

90% 94 84 81 | 78 | 74 | 70 | 65 | 59 | 55 | |

95% 96 87 84 81 77 73 69 63 57

100% 98 89 86 83 80 76 72 66 59 55
Use Pg = inches of rainfall as the target for ESD implementation
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Hydrologic Soil Group 'C’

%l RCN* Pe=1" 121 14" | 16" | 1.8" | 20" | 22" | 24" | 2.6"

0% 74 &

5% 7h

10% 76

15% 78

20% 79 70

25% — 80 T—» 72 70 | 70 e

30% 81 73 72 71

35% 82 74 73 72 70

40% 84 77 75 73 | 71

45% 85 78 76 74 | 71

50% 86 78 76 74 71

55% 86 78 76 74 71 70

60% 88 80 78 76 73 71

65% 90 82 80 77 75 72

70% 91 82 80 78 75 72

75% 92 83 81 79 | 75 72

80% 93 84 82 79 76 72

85% 94 85 82 79 76 72

90% 95 86 83 80 77 73 70

95% 97 88 85 82 79 75 71

100% 98 89 86 83 80 76 72 70
Use Pg = 1.2 |inches of rainfall as the target for ESD implementation

Hydrologic Soil Group ‘D’

%ol RCN* Pe=1" 12" 14" | 16" | 18" 20" | 22" | 24" | 2.6"

0% 80

5% 81

10% 82

15% 83

20% 84 77

25% 85 78

30% 85 78 T 77

35% 86 79 78 78

40% 87 82 81 79 77

45%, 88 82 81 79 78

50% 89 83 82 80 78

55% 90 84 82 80 78

60% 91 85 83 81 78

65% 92 85 83 81 78

70% 93 86 84 81 78

75% 94 86 84 81 78

80% 94 86 84 92 79

85% a5 86 84 82 79

90% 96 87 84 82 79 T

95% 97 88 85 82 80 78

100% 98 89 86 83 80 78 77

UsePr = inches of rainfall as the target for ESD implementation




Compute Composite Pg:

HSG Area Target Pg Net Pg
A 0.00 ac 0.0 0.00acx0.00/022ac= 0.0
B 0.00 ac 0.0 0.00acx0.00/022ac= 0.0
C 0.22 ac 1.2 022acx120/022ac= 1.2
D 0.00 ac 0.0 000acx000/022ac= 00

| Composite Pe= 1.2

C. Compute Qg:
Qe Runoff depth used to size ESD practices
Qr = Pc*Ry |, where:

Pe = 1.2 in  (from above)
Ry = 005+ (0.000)1); |= 22.02 %
= 0.05+ 0.009 x (22.02)
= 0.25
Qe = 12" x 0286
= 0.3 inches
ESD Target for the Project
Pe =| 1.2 Inches Icomposile P g, from above
Qe =[ 0.3 Inches |

D. Compute Target ESD, & Rey, for Drainage Area 5:
Required Environmental Site Design Volume (ESDy) for DAS:
ESDy = [(Pg) x (Ry) x (DA)]/ 12
where: Target Pe = | 1.20 in.|(from Table 5.3, above)

Ry = (fromQE, above)

DA
Target ESDy

.
Required Minimum Recharge Volume (Rey) for DAS:
Rey = [(S) x (Ry) x (DA))/ 12

| 9,666 sf |or 0.22 ac (from Site Tabulations, above)
[(1.20 in.) x (0.25) x (9,666 sf)] / 12 =

Where;
Composite 'S'= | HSG  Area  Recharge Factor Net 'S'
A 000 ac 0.38 0.00acx0.38/0.22 ac 0.00
B 000 ac 0.26 0.00 a6 x0.26/0.22 ac 0.00
C 022 ac 0.13 022ac%x0.13/022ac 0.13
D 000 ac 0.07 0.00 ac x 0.07 / 0.22 ac 0.00

Ry = from WQ ,, above

|__Composite 'S’

0.13

DA = | 9,666 sf |or 0.22 ac

Min. Rey = [(0.13) x (0.25) x (9,666)] /12

©)



E. Compute P Value & ESD,, or Project

DA-5a:| ESD Practice N-2 Disconnection of Non-Rooftop Runoff
i g Non- Soil | Contributing Disconnect Average
Sarace Destrpton Rooftop | HSG Length Length Slope Pe Velug
Porch - Lot 10 56 sf C 8 ft 10 ft, =5 % 1.00 in.
sf C ft. ft. Yo 1.00 in.
sf C ft. ft. % 1.00 in.
st C ft. ft. % 1.00 in.
Totals: 56 sf [ 1.00 in.
ESDy = [(Pg) x (Ry) x (A)1/ 12 Rey = [(S) x (Ry) x (A))/ 12
where: Pe = (from chart above) S = com_:msire 'S' from above
Ry = 0.05+ (0.009 x %l) Ry = 0.05 + (0.009 x %l)
= 0. DE +(0.009 x 100%) = 0.05+(0.009 x 100%)
- -
A =| 56 sf |or 0.00 ac A =] 56 sf |or 0.00 ac
ESDy = [(1 00 in. x 0.95 x 56 sf)] / 12 = [(0.13 x 0.95 x 56 sf)] / 12
DA-5b:| ESD Practice M-5 Drywells
DA #| Roof Area Pe ESDy Drywell Storage (n = 0.4) Pe Attained | HSG
5-b1 440 sf 1.2 in. 42 cf | 400 x 7.00 x 800 = 90 cf 2.45 in. C
5-b2 622sf| 12in| 59¢f| 600 x 900 x 550 = 119 cf 230 in. C
5-b3 ass sf | 1.2 10n. 34cf| 400 x 800 x 6.00 = 77 cf 2.60 in. C
0sf| 0.0in. Ocf| 000 x 000 x 000 = 0 cf 0.00 in. C
Totals: 1,417 sf Rooftop Area |ESDV = 286 cf 1.77 in. = Pe
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Pe & ESDy Summary:

Microscale & Non-Structural Practices
DA # ESD Practice DA ESDy Weighted Pr Value
5a Drywells 1,417 sf | 286 cf 1.77" % 1,417 sf | 9,666 sf =
Disconnection of Non-
5b Rooftop Runoff 56 sf 4 cf 1.00" x 56 sf / 9,666 sf =
sf cf 0.00" x 0 sf /9,666 sf =
Totals:| 290 cf Total Weighted Pg Value =
Targets:| 242 cf Target Py =
ESDy Provided:| 290 cf
Additional Qp Storage: 0 cf
Pe Achieved = (12 x ESDy)/(Ry x AREA) = (12 x 290c.f.) / (0.25 x 9,666sf)




lI-f. Environmental Site Design — Drainage Area #6

Drainage Area #6 contains the rear of lots 11 and 12 at the northwestern end of the
property. This area drains to a sump at or near the property line. A micro-bioretention
device is designed at the low point between lots 11 and 12 for qualitative management.
The headwall for the proposed storm drain system is designed to collect overflow from
the proposed micro-bioretention device, and some overland flow from the drainage area.
Runoff from this drainage area is managed at or near the source by micro practices.

Soils in this drainage area have a type “C” hydrologic classifications; the Target RCN for
“woods in good condition” is 70. The proposed imperviousness for the development area
is 28%. Utilizing Table 5.3 from the State Manual, a target rainfall depth (Pg) of 1.6” and
a target runoff depth (Q¢) of 0.50” were determined. From these initial computations, a
minimum Environmental Site Design Volume (ESDy) of 320 c.f. of runoff would need to be
managed, of which 26 c.f. would need to be Recharge Volume (Rey).

ESD for this drainage area is achieved through the use of a micro-bioretention device with
an enhanced filter. The ESDy provided is 385 c.f., and the Rey is 88 c.f. Both of these
volumes are greater than the targets, and therefore, ESD is achieved to the MEP. The
proposed development mimics “woods in good conditions” and satisfies channel
protection obligations through the Reduced Runoff Curve Number Method.
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Drum, Loyka, & Associates LLC

Designer: DE | Date: August 21, 2015 |Checked By: WB [Date:
Title: Griscom Square [Job No.: BP12804
Subject: ESD Design [Shest No. of |

Site Data (Drainage Area 6):

Location: Tyler Avenue, Annapolis, MD
Drainage Area (DA): 7,732 sf  or 0.18 Ac.
Soils: HSG 'A' = 0sf or 0 Ac. or 0 % of Site
HSG'B' = 0sf or 0Ac. or 0 % of Site
HSG 'C' = 7,732 st or 0.18 Ac.  or 100 % of Site
HSG D' = 0sf or 0 Ac.  or 0 % of Site
Proposed On-site
Impervious Surfaces = 2,203 sf  or 0.05 Ac,
Step 1: Determine ESD Implementation Goals
A. Determine Pre-Developed Conditions:
Soil Conditions and RCNs for "woods in good condition"
HSG RCN* Area Percent
A 38 0.00 Ac. 0.00
B 55 0.00 Ac. 0.00
c 70 0.18 Ac. 100.00
D 77 0.00 Ac. 0.00

“ RCN for "woods in good condition” (Table 2-2, TR-55)

** Actual RCN is less than 30, use RCN = 38

Composite RCN for "woods in good condition”
RCNyoods = [(38x0.00ac)+(55x0.00ac)+(70x0.18ac)+(77x0.00ac)] / 0.18ac
RCNyoaas = 70

Target RCN for "woods in good condition" =

B. Determine Target Pg Using Table 5.3

P = Rainfall used to size ESD practices

Proposed imperviousness (%l)
Proposed Impervious Area; 2,203 sf from Site Data Table, above

% = Imp.Area/Drainage Area = 2,203sf / 7,732sf = 2849 % = 28 %]

- Determine Pg from Table



Hydrologic Soil Group 'A’

Yol RCN* Pe=1" 12" 14" | 16" | 1.8" [ 20" | 22" | 24" | 2.6"
0% 40

5% 43

10% 46

15% 48 38

20% 51 40 38 | 38

25% 54 41 40 | 39

30% 57 42 41 39 a8

35% 60 44 42 | 40 39

40% 61 44 42 | 40 39

45% 66 48 46 | 41 40

50% 69 51 48 | 42 | 41 38

55% 72 54 50 | 42 41 a9

60% 74 57 52 | 44 42 | 40 38

65% 77 61 55 | 47 44 | 42 | 40

70% 80 66 61 55 50 | 45 | 40

75% 84 71 67 | 62 56 | 48 | 40 | 38

B0% 86 73 70 | 65 | 60 52 44 | 40

85% 89 [ 74 | 70 | 65 58 | 49 | 42 | 38
90% 92 81 78 74 70 | 65 58 | 48 | 42 38
95% 95 85 82 78 75 | 70 | 65 | 57 | 50 39
100% 98 89 86 | 83 80 76 | 72 | 66 | 59 | 40

Use P = inches of rainfall as the target for ESD implementation

Hydrologic Soil Group 'B'

%l RCN* Pe=1" 12" 14" | 16" | 1.8"| 20" 22" | 24" | 28"
0% 61

5% 63

10% 65

156% 67 55

20% 68 60 55 | 55

25% 70 64 61 58

30% 72 65 62 | 59 55

35% 74 66 63 | 60 56

40% 75 66 63 | 60 56

45% 78 68 66 | 62 58

50% 80 70 67 | 64 60

55% 81 71 68 | 65 61 55

60% 83 73 70 | 67 63 58

65% a5 75 72 | 69 | 65 | 60 | 55

70% 87 7 74 | 71 67 | 62 57

75% 89 79 76 | 73 | 69 | 65 59

80% 91 81 78 75 | 71 66 [ 61

85% 92 82 79 | 76 | 72 67 | 62 55

90% 94 84 81 78 | 74 70 | 65 59 | 55
95% 96 87 84 81 77 73 | 69 | 63 57
100% 98 a9 86 | 83 80 76 | 72 | 66 B8 | 55

Use P = inches of rainfall as the target for ESD implementation




Hydrologic Soil Group 'C’

%l RCN* Pe=1" 12" [ 14" | 16" | 18" | 20" | 22" | 24" | 26"
0% 74
5% 75
10% 76
15% 78
20% 79 70
25% 80 72 70 | 70
30% —81 = 73 72 71
35% 82 74 73 | 72 70
40% 84 77 75 | 73 71
45% 85 78 76 | 74 71
50% 86 78 76 | 74 71
55% 86 78 76 74 71 70
60% 88 80 78 76 73 71
65% 90 82 80 | 77 75 72
70% 91 82 80 | 78 75 | 72
75% 92 83 81 79 75 72
80% 93 84 82 79 76 72
85% 94 85 82 | 79 | 76 | 72
90% a5 86 83 | 80 77 | 73 | 70
95% 97 88 85 | 82 79 | 75 | 71
100% 98 89 86 | 83 80 | 76 | 72 | 70
Use Py = inches of rainfall as the target for ESD implementation
Hydrolugic Soil Group 'D’
%l RCN* Pr=1" 12" 14" | 16" | 1.8" [ 20" 22" | 24" | 26"
0% 80
5% 81
10% 82
15% 83
20% 84 77
25% 85 78
30% 85 78 77| 77
35% 86 79 78 | 78
40% 87 82 81 79 | 77
45% 88 82 81 79 78
50% 89 83 82 80 78
55% 90 84 82 80 | 78
60% 91 85 83 81 78
65% 92 85 83 | 81 78
70% 93 86 84 | 81 78
75% 94 86 84 81 78
80% 94 86 84 92 | 79
85% 95 86 84 82 | 79
90% 96 87 84 82 | 79 | 77
95% a7 88 85 | 82 80 | 78
100% 98 89 86 | 83 80 | 78 | 77
Use P = Inches of rainfall as the target for ESD implementation
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Compute Composite Pg:

HSG Area Target Pg Net Pg
A 0.00 ac 0.0 0.00acx0.00/0.18ac= 0.0
B 0.00 ac 0.0 0.00acx000/018ac= 00
@ 0.18 ac 1.6 D.18acx160/018ac= 16
D 0.00 ac 0.0 0.00acx000/0.18ac= 0.0

C. Compute Qg:

Qp = Runoff depth used to size ESD practices
Qf = PE*"Ry , where:
Pe =
Ry = 0.05 + (0.009)(1);
= 0.05+ 0.009 x (28.49)
= 0.31
Qe = 16" x 031
= 0.5 inches

ESD Target for the Project

1.6 in (from abova)

| Composite P = 1.6

| = 28.49 %

Pe = composr’m Fg, from above

Q: =| 0.5Inches

Compute Target ESDy & Rey, for Drainage Area 6:

Required Environmental Site Design Volume (ESD,) for DAG:
ESDy = [(Pg) x (Ry) x (DA))/ 12

where: Target Pg

Target E

=1 1.60 in.|(from Table 5.3, above)

Ry = (from @, above)

DA =

SDy

7,732 sf |or

[(1.60 in.) x (0.31) x (7,732 sf)] / 12 =

Required Minimum Recharge Volume (Rey) for DAG:
Rey = [(5) x (Ry) x (DA)])/ 12

0.18 ac (from Site Tabulations, above)

Where:
Composite'S'= | HSG  Area  Recharge Factor Net 'S’
A 000 ac 0.38 0.00 acx0.38/0.18 ac 0.00
B 000 ac 0.26 0.00 ac x 0.26 /0.18 ac 0.00
C 018 ac 0.13 0.18acx0.13/0.18 ac 0.13
D 000 ac 0.07 0.00 ac x 0.07 /0.18 ac 0.00
| Composite 'S'= 0.13
Ry = frcrm Way, above
DA = | 7,732 sf |or 0.18 ac
x (0.31) x (7,732)] 112

Min. Rey = [(0.13)
=
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E. Compute P Value & ESDy, or Project

DA-6a:[ ESD Practice M-6 Micro-Bioretention #6

Contributing Drainage Area
Impervious Surfaces in DA
%l = 1,841sf/4,752sf
Minimum Surface Area (A))
4,752 sf x 0.02
Provided Surface Area (A)) =

Af:

4,752 sf or 0.11 Ac.
1,841 sf or 0.04 Ac.
39 %
2% of contributing DA
= 95 sf MINIMUM
168 sf

168 sf = 95 sf O.K.

nmw u

Concept Design Estimates:

where; Pe

Pe
Ry

ESDy

ESDy =

RGV
Where: Ry

REV

15in x (AYDA)  (Eqn 5.2, MDE)

15 0n x i166 sf /4,752 sf)

0.05 + (0.009 x %l)
0.05 + (0.009 x 39%)
0.4
(Pe x Ry x DA)/12
(0.63in. x 0.40 x 4,752 sf) / 12
(Cmmap! Design Estimate)
[(S) x (Ry) x (DA)}/ 12
0.05 + (0.009 x %l)
0.05 + (0.009 x 39%)
0.4
= [(0.13) x (0.40) x (4,752sf)] /12
- 21 e

i

il

nonon

|
I

Final Design Computations: ESDy based on volume stored in device

Surface area

Filter Media Depth
Pea Gravel Depth
Gravel Depth

Total Media Depth

Media Porosity
Media Storage Volume

Ponding Depth

Side Slopes

Max. Water Surface Area
Ponding Storage Volume

ESDy Storage provided

Pe Provided

I

168 s
2.00 ft
0.50 ft  (6in. of #8 stone for Bridging Layer)
0.67 ft (8in. of #57 stone for Gravel Jacket for underdrain)
3.17 ft

0.4
168sf x 3.17ft. x 0.4
213 of

0.50 ft
31
252 sf
252sf + 168sf/2) x 0.50ft.]
105 cf
213cf + 105¢cf

wnomomn

nmw

:

mmmwnmmnmn

= (ESDy x 12)/(Ry x DA)

= i31Bcf % 12)/(0.40 x 4,752sf)

DA-6a:[ ESD Practice M-9 Enhanced Filter

Filter Bed Area (A))
Media Porsity (n)
Depth

ESDy Provided

Pe Provided

= 168 sf |(from above)

- [0 Jusrsome

= 1 ft. |(below invert of underdrain)

= 67 cf

:

m

@4



Pe & ESDy Summary:

Microscale & Non-Structural Practices

DA # ESD Practice

DA ESDy Rey |Pg Value Weighted Py Value

Ga | Micro-Bioretention #6
6a Enhanced Filter

4,752 sf | 318 cf 21¢cf | 2.01in.| 2.01"x4,752sf /7,732sf= 1.24 in.
4,752 sf 67 cf 67 cf | 042 in.| 042"x4,752sf /7732sf= 0.26 in.

Totals:| 385 cf 88 cf Total Weighted P Value = 1.5 in.

Targets:| 320 cf 26 cf Target P = 1.6 in.|

ESD,

Provided:| 385 cf

Additional Q; Storage: 0 cf

P Achieved =

(12 x ESDy)/(Ry x AREA) = (12 x 385c.f.) /(0.31x7,732sf) =] 1.9 in.

16



IV.  Cpy, Qp, & Qf

Management of the Channel Protection Storage Volume (Cpy) is not necessary, as the
non-structural disconnects and micro-scale practices manage the target ESDy, and
therefore channel protection obligations are met through the Reduced Runoff Curve

number Method,

The unmanaged 10-year storm event for the proposed development will not cause
erosion, flooding, or any other adverse impact to the outfall at Back Creek; therefore

management is not required.

Management of the Extreme Flood Volume (Qs) is not necessary, as there is no evidence
of flooding downstream of the project, and the project is not located within a
floodplain.

N



V. Storm Drain Design

The proposed storm drain system has been designed to convey runoff from the

upstream drainage area to the west, tying into the existing system in Bay Ridge Avenue.

That system conveys runoff to an existing endwall that outfalls to Back Creek. A new
30" storm drain pipe will be installed in Bay Ridge Avenue to replace the existing 12”
pipe there. The following calculations are provided

* (C Factors determination

= Time of Concentration calculations
* Flow Tabulation

® Hydraulic Grade Line calculations

1L
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DRUM, LOYKA & ASSOC, LLC

Project Name:

GRISCOM SQUARE

209 West Street, Suite 203 Project No.: BP12804
Annapolis, Maryland 21401 Computed By: RBM
Phone No. (410) 280-3122 Checked By: MM
Fax No.  (410)280-1952 Date: 12/1/06 Sheet No.: | OF |
GRISCOM SQUARE
RUNOFF COEFFICIENT 'C!
Drainage D.A. Land Use* ! Sub-Area CXA SCA CW
or Struct No. (Acres) (Surface) (Acres)
Woods 0.35 0.00 0.0000
A 0.26 Lawn 0.40 0.15 0.0600
Impervious 0.90 0.11 0.0990 0.1590 0.61
Woods 0.35 .05 0.0175
B 0.61 Lawn 0.40 0.51 0.2040
Impervious 0.90 0.10 0.0900 0.3115 0.51
Woods 0.35 0.00 0.0000
C 0.28 Lawn 0.40 0.22 0.0880
Impervious 0.90 0.06 0.0540 0.1420 0.51
Woods 0.35 0.00 0.0000
D 0.32 Lawn 0.40 0.23 0.0920
Impervious 0.90 0.09 0.0810 0.1730 0.54
Woods 0.35 0.00 0.0000
E 0.23 Lawn 0.40 0.14 0.0560
Impervious 0.90 0.09 0.0813 0.1373 0.60
Woods 0.35 0.00 0.0000
F 8.77 Lawn 0.40 0.00 0.0000
(ofl=site) R-2 Zoning 0.55 8.77 4.8235 4.8235 0.55
Woods 0.35 0.00 0.0000
G 0.38 Lawn 0.40 0.15 0.0600
Impervious 0.90 0.23 0.2077 0.2677 0.70
Woods 0.35 0.00 0.0000
H 0.44 Lawn 0.40 0.11 0.0440
Impervious 0.90 0.33 0.2970 0.3410 0.78
Woods 0.35 0.00 0.0000
| 0.22 Lawn 0.40 0.07 0.0280
Impervious 0.90 0.15 0.1350 0.1630 0.74
Woads 0.35 0.00 0.0000
J 0.24 Lawn 0.40 0.04 0.0160
Impervious 0.90 0.20 0.1800 0.1960 0.82
Woods 0.35 0.00 0.0000
K 0.07 Lawn 0.40 0.03 0.0120
Impervious 0.90 0.04 0.0360 0.0480 0.69
Woods 0.35 0.00 0.0000
L 0.52 Lawn 0.40 0.25 0.1000
Impervious (.90 0.27 0.2430 0.3430 0.66
Woods 0.35 0.00 0.0000
M 0.20 Lawn 0.40 0,08 0.0320
Impervious 0.90 0.12 0.1080 0.1400 0.70
8/11/2015 12:57 PM
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GRISCOM SQUARE
RUNOFF COEFFICIENT 'C"

Drainage D.A. Land Use* By Sub-Arca CXA SCA CW
or Struct No. (Acres) (Surface) (Acres)

Woaods 0.35 0.00 0.0000

N 0.83 Lawn 0.40 0.42 0.1680
Impervious | 0.90 0.41 0.3690 0.5370 0.65

Woods 0.35 0.00 0.0000

0 0.48 Lawn 0.40 0.19 0.0760
Impervious 0.90 0.29 0.2610 0.3370 0.70

Woods 0.35 0.00 0.0000

P 0.32 Lawn 0.40 0.16 0.0640
Impervious 0.90 0.16 0.1440 0.2080 0.65

Woods 0.35 0.00 0.0000

(@] 0.22 Lawn 0.40 0.06 (.0240
lmpervious 0.90 0.16 0.1440 0.1680 0.76

Woods 0.35 0.00 0.0000

R 0.37 Lawn 0.40 0.08 0.0320
Impervious 0.90 0.29 0.2610 0.2930 0.79

Woods 0.35 0.00 0.0000

S 63.52 Lawn 0.40 0.00 0.0000
(off-site) R-2 Zoning 0.55 63.52 34.9360 34,9360 0.55

8/11/2015 12:57 PM
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DRUM, LOYKA & ASSOCIATES, LLC
STORM DRAIN FLOW TABULATION FORM
LOCATION GRISCOM SQUARE DATE B/25/2015
DEVELOPMENT SHEET 1 TOTALIN COMP. 2
Made in connection with 1.O. No. BP12804 COMPUTED BY rbm
STORM FREQUENCY 10 YR/20 YR SUMP CHECKED BY de
LOCATION | AREA ACRES COEFF. CA | sCA | TIMECONC.- MIN. | INTEN. Q=Cla PIPEn=0.013 Tc | REMARKS
From | To Sub. | Total c Inlet | Drain | Total T C.FS. | Size | Sf | Vel | Lgih. | Min.
HW-101] F 877 | - 0.55 ._mm_ 555 -~ | 1800 | -— | 1800 |570|495] 2747 | = | — | — | — | — | 20 . Sump
HWw-101] -104 | F e | 87T —— seac. 555 | 1800 | 000 | 1800 495 2747 | 27 |o008| 691 | w03 | 025
I-104 E 0.23 ——— 060 _u._..—_ 0.16 -—— 5.00 el 500 m.n_u_ 7.000 112 ——— el Wi — —- | 20 vr. Sump
104 | 1-103 | EF | —= | 9.40 - =53 571 | 1800 | 025 | 1825 | 490 279% | 27 |0008| 7.04 | 240 | 0.57
103 | CD | 060 | — 053 |032]|037| — 500 | — | 500 m.%_q.g 256 | — | — | — | — | —==| 20yr. Sump
103 | M-103 | C-F | - | 960 IS | v 608 | 1825 | 057 | 1882 | 485 2047 | 30 (D00S| 600 | 104 | 029
1-107 L 032 | - 066 | 034]039| —- S00 | == | 500 ‘m.c_“__q._“a 272 e | e | = | = | = | 201 Sump
1107 | M-110] L — | 032 i 039 | 500 | 600 | so0 7.00 272 | 15 |ooo2| 222 12 |009
| 08 | x 0.07 | —- 0.69 |005/0.06) — | 500 | —- | 500 |800|7.00] 0.0 _ e | == | = | == | === | 20y Sump
108 | M-110| K — | o007 - e 006 | 5.00 | 000 | 500 7.00 0.40 15 (00000 033 | 18 | 0.9
_5-_5_ M08 | KL | — | 039 — 045 | 500 | 091 | 5o £.80 3 i5 |0002| 249 | 27 | 0as8
b1os | 1 [ o2 | | os2 Jozo|om| — [s00 | — [ s 800[700] 160 [ ] —— [ — [ [ = [ 20yr Sump
105 | M-109| ] | 024 - — 023 | 500 | 000 | 500 7.00 160 15 (0001 130 11 |04
06 | 1 [ o2 | | o7 [oas|oas| — | so0 | — [ s00 soo[700] 128 | — | — [ — | =] — [ 20y sump
106 | M-109 | 1 == | D22 = e 0.18 | so0 | ooo | 500 7.00 1.28 5 {00004 1.04 | 11 | 0.8
M-109 | M-108| 1J —— | 046 - - 041 | 500 | 018 | 518 6.95 2.85 15 |0002| 232 | 66 | 047
M-108 | M-106 | I-L — | 105 == — 086 | 591 | 018 | 6.09 _ 6.80 585 18 [0003]| 3.31 | 237 | 1.9
09 | H T p— 078 034039 — 500 | — | s.ao0 _m.%_ 00| 2720 | = — | == | == | = | 20y Sump
1109 | M-107| H — | e — o~ 039 | 500 | 000 .m%_, 7.00 172 15 | 0002 222 | 11 | 008
-0 | G 038 | — 070 027031 — | 500 | — | 500 m._”a_._,.ﬁ_ 216 | —| = | — | = | = | 20.yr:Sump
10 | M-107| G — | 038 _— 031 | 500 | 000 | 500 7.00 2.16 15 | 0001|176 | 11 | oo
_ﬁ-_ﬁ” M-106| HG | — | 082 o —— | 070 | 500 | 0.10 | 5.10 7.00 4.90 15 | 0008|399 | 101 | 042
M-106 | M-103 | F-L | -~ | 187 — | 156 | 609 | 119 | 728 6.55 1022 | 18 | 0009 578 | 58 |07
M-103 | M-102 | C-L | = | 1147 - — | 7s4 |1882] 029 [ 1om 4.80 3665 | 30 |0.008| 747 | 70 | 006

8/26/2015 9:20 AM
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| LOCATION | AREA|  ACRES COEFF. | CA TCA | TIMECONC.- MIN. | INTEN. | Q=CIA PIPE n = 0.013 Tc | REMARKS
From To Sub. | Total c" Inlet | Drain | Total s C.F.5. | Size §f Vel __.mﬁ. Min,
02| B | 061 | -— | o051 [o31]o3s] — [ so0| — [ so00 00 700] 248 | — | — [ — [ — [ — [ 204z Sump
102 | M-102{ B — | 061 - 035 | 500 | 0.00 | s00 | 7.00 248 | 15 |0001| 202 | 33 |o27
H01 | A [ o026 | | o6t Joas[oas] — [s00] | so00 goo7o0] 128 [ - [ — | — [ [ =] 20y Sump
o1 [Ma102| A | — | 026 | = = 008 | 500 | ooo | 500 | 700 128 | 15 |oooo4| 104 | 8 |0a3
M-102 [ M-101| AL | —= | 1238 — — 817 [ 1911 016 | 1926 480 3923 | 30 |0009| 799 | 142 | 030
134 | o | oas | — 0.70 0.34 — | 500 | — | s00] 700 i - [y R R [ —
134 | 135 | o | — | o048 — - 034 | 500 | ooo | 500 | 700 238 | 15 |0001| 194 | 74 |064
135 | N | o8 | — 0.65 0.54 — | s00]| — | so0| 700 378 | - | — | — | — |
135 |M-13B| ON | — | 131 i i 088 | 500 | o064 | 564 | 690 607 | 15 [0.009| 495 | 121 | 041 | Ex. 15"SD
36 | M| 020 [ — | 070 0.14 — | 500 | — [ so00| 7 098 || o] = [ | e
| 136 |masB| M | — | 020 | - = 004 | 500 | — | s00 | 700 098 | 12 |0.0004| 1.25| 19 |025| Ex12"CPP
M-13B|M-101| Lo | — | 151 - — 10z | 564 | 041 | 604 | 680 694 | 18 |0004]| 392 59 |o02s
M-101 | 813 | A0 | — | 1385 — — 9.19 | 1926 | 030 | 1956 | 475 4367 | 30 (0011 850 | 218 | 0.41
137 | P |03z | — | o0ss 0.21 — | 500 — | 500 7.00 147 | —| — | = [ — ] —
37 | M| e | — | 032 - . 021 | so0 | ooo | s00 | 700 147 0.0000| 0.47 | 25 |o0s89
138 | @ | 022 | — 0.76 0.17 — | 500 | — | s00:| 700 19 | e | — | — | = | -
38 [ M1 | Q@ | — | 022 e i 017 | so0 | ooo | so0 | 700 L9 | 18 |o.0001| 067 | 37 | 092
ML [ M2 | PQ | — | 054 | — s 038 | 500 | o2 | se2 | &80 258 | 24 |0.0001| 082 | 33 |o067
39 | R | 041 | - | 079 0.32 wee | 500 | — | 500 | 700 p . S [ (PR [CSNRI (PR
| 139 [maz| R [ — | om - — 032 | 500 | oo | s00 | 7.00 224 127 | 29 |o3s
| M-12 | M-13 | PR | — | 0os — 070 | 592 | 067 | 659 | 670 4.69 149 | 44 | o049
M-13 | M-14 | AR | — | 1480 e 080 | 1956 | 041 [ 1997] 470 46,50 9.47 | 222 | 039
offisite| M-14 | § | &352| — | 055 34.94 ~— | 2600 | -~ 2600 400 | 13976 8.79 | 2050 | 3.89 | +gy 43sse
Mta | 51 | As | - [m3| — - 4483 | 2600 | — [2600] 400 179.33 7.55 | 38 | 0.08| sgy s3megyr

8/256/2015 9:20 AM
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HYDRAULIC GRADIENT COMPUTATION FORM

Location Griscom Square Date 8/25/2015
Development Sheet 1 Total in Comp.
Lot Site Computed By; rbm
Job Order No. BP12804 Checked By: de
Tailwater Elevation 7.00
Crown of Pipe Elevation 11.42 Hydraulic Gradient 11.42
From Outfall To MH-14 38 Lin. Ft. 53"x83" @ 0.28 % 0.11
Structure:;
No MH-14 Type A Deflection 0 . 11.53
Qi 139.76 V1 8.79 LOSSES A 0,39 Crown = 11.64
Q2 179.27 V2 7.55 B 0.00
Q3 46,50 V3 9.47 C 0.00
D 0.32
Q3/a1 = 33.3% Total losses 0.71 TOTAL 12.35
From MH-14 To MH-13 222  Lin.Ft. 30" @ 142 % 3.15
Structure:
No MH-13 Type A Deflection 0 15.51
Qi 43,67 Vi 8.90 LOSSES A 0.46 Crown = 14.55
Q2 46.50 V2 9.47 B 0.16
Q3 4,69 V3 1.49 c 0.00
D 0.15
Q3/at = 10.7% Total losses 077 TOTAL 16.28
From MH-13 To MH-101 218 Lin. Ft. 30" @ 112 % 2.44
Structure;
No MH-101 Type A Deflection 90 o 18.72
Q1 39.23 VA 7.99 LOSSES A 0.40 Crown = 18.00
Qz2 43 67 V2 8.90 B 0.24
Q3 6.94 V3 3.92 C 0.46
D 02
Q3/Ql = 17.7% Total losses 1.30 TOTAL 20.02
From MH-101 To MH-102 142 Lin. Ft. 30" @ 0.91 % 1.29
Structure:
No MH-102 Type A Deflection 0 21.31
Q1 36.65 V1 7.47 LOSSES A 0.33 Crown = 19.38
Q2 39.23 V2 7.99 B 0.13
Q3 248 V3 2.02 C 0.00
D 0.05
Q3/Q1 = 6.8% Tolal losses 0.50 TOTAL 21.82
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HYDRAULIC GRADIENT COMPUTATION FORM
GRISCOM SQUARE

MH-102 HGL 21.82
From MH-102 To MH-103 70 Lin. Ft. 30" @ 0.79 % 0.55
Structure:
No MH-103 Type A Deflection 45 22.37
al 29.47 V1 6.00 LOSSES A 0.28 Crown = 20.00
Q2 36.65 V2 7.47 B 0.31
Q3 10,22 V3 578 C 0.16
D 0.15
Q3/Q1 = 34.7% Total losses 0.90 TOTAL 23.27
From MH-103 To [-103 104 Lin. Ft. 30" @ 0.51 % 0.53
Structure;
No. |-103 Type D Deflection 45 23.80
Q1 27.98 \Al 7.04 LOSSES A 0.25 Crown = 21.05
Q2 29.47 \ 6.00 B 0.00
Q3 V3 c 0.14
D
Q3/Q1 = 0.0% Total losses 0.39 TOTAL 24.19
From [-103 To 1-104 240 Lin. Ft, 27" @ 0.50 % 1.20
Structure:
No.I-104 Type A Deflection 0 25.39
i 27.47 V1 6.91 LOSSES A 0.25 Crown = 2215
Q2 27.98 V2 7.04 B 0.03
Q3 V3 G 0.00
D
Q3/Q1 = 0.0% Total losses 0.28 TOTAL 2567
82



HYDRAULIC GRADIENT COMPUTATION FORM

GRISCOM SQUARE

<104 HGL

25.67

From |-104 To MH-104 24  Lin. Ft. 27" @ 0.78 % 0.19
Structure:
No MH-104 Type A Deflection 90 2586
Qi 27.47 V1 6.91 LOSSES A 0.24 Crown = 26.50
Q2 27.47 V2 6.91 B 0.00
Q3 V3 c 0.27
D
Q3/Q1 = 0.0% Total losses 0.51 TOTAL 27.01
From MH-104 To MH-105 60 Lin. Ft. 27" @ 0.78 % 0.47
Structure:
No MH-105 Type A Deflection 90 27.48
Q1 27.47 V1 6.91 LOSSES A 0.24 Crown = 27.80
Q2 27.47 V2 6.91 B 0.00
Q3 V3 &4 0.27
D
Q3/al = 0.0% Total losses 0.51 TOTAL 28,31
From MH-105 To HW-101 19  Lin. Ft.  34"x22" @ 0.78 % 0.15
Structure:
No HW-101 Type A Deflection 0 28.46
Qi V1 LOSSES A 0.00 Crown = 28.83
02 V2 B 0.00
Q3 V3 Lo 0.00
D
Q31 = #DIV/0! Total losses 0.00 TOTAL 28.83
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HYDRAULIC GRADIENT COMPUTATION FORM
GRISCOM SQUARE

MH-102 HGL 21.82
From MH-102 To 1-101 8 Lin.Ft. 15" @ 0.04 % 0.00
Structure: |
No |-101 Type D Deflection 0 21.82
Q1 VA LOSSES A 0.00 Crown = o 19,78
Q2 V2 B 0.00
Q3 V3 C 0.00
D
Q3/Q1 = #DIV/0! Total losses 0.00 TOTAL 21.82

m

MH-102 HGL 21.82
From MH-102 To 1-102 33 Lin. Ft. 15" @ 0.15 % 0.05
Structure;
No. |-102 Type D Deflection 0 21.87
Q1 V1 LOSSES A 0.00 Crown = 19.71
Qz V2 B 0.00
Q3 V3 c 0.00
D
Q3 = #DIV/0! Total losses 0.00 TOTAL 21.87

m
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HYDRAULIC GRADIENT COMPUTATION FORM

GRISCOM SQUARE

MH-103 HGI 23.27
From MH-103 Ta MH-106A 47 Lin, Ft, 18" @ 0.94 % 0.44
Structure:
No MH-108A Type A Deflection 45 23.71
a1 10.22 V1 578 LOSSES A 017 Crown = 2595
Q2 10.22 V2 578 B 0.00
Q3 V3 C 0.09
D
Q3/Ql = 0.0% Total losses 0.26 TOTAL 26.21
From MH-106A To MH-106 11 Lin. Ft. 18" @ 0.94 % 0.10
Structure:
No MH-106 Type A Deflection 0 26.31
(@) 5.85 V1 3.31 LOSSES A 0.17 Crown = 26.11
Q2 10.22 V2 5.78 B 0.35
Q3 4.90 V3 3.99 C 0.00
D 0.05
Q3/Q1 = 83.8% Total losses 0.57 TOTAL 26.89
From MH-109 To MH-108 237 Lin.Ft. 18" @ 0.31 % 0.73
Structure:
No MH-108 Type A Deflection 0 27.62
Q1 3.06 Vi1 2.49 LOSSES A 0.06 Crown = 27.40
Q2 5.85 V2 3.31 B 0.07
Q3 2.85 V3 2.32 C 0.00
D 0.05
Q3/Q1 = 93.1% Total losses 0.18 TOTAL 27.80
From MH-108 To MH-110 27 Lin. Ft. 15" @ 022 % 0.06
Structure:
No MH-110 Type A Deflection 45 27.86
Q1 272 V1 2.22 LOSSES A 0.03 Crown = 27.65
Q2 3.06 V2 2.49 B 0.02
Q3 0.40 V3 0.33 o 0.02
D 0.01
Q3/Q1 = 14.7% Total losses 0.08 TOTAL 27.94



HYDRAULIC GRADIENT COMPUTATION FOR
GRISCOM SQUARE

From MH-110 To I-107 12 Lin. Ft.
Structure:
No 1-107 Type  WR
Q1 Vi1 LOSSES
Q2 vz
Q3 V3
Q31 = #DIV/0! Total losses

MH-110 HGL 27.94

15" @ 0.18 % 0.02
Deflection 0 27.96
A 0.00 Crown = 28.05
B 0.00
& 0.00
D

0.00 TOTAL 28.05

e e T T T A T T ) e T A Ay Ty I PSS S0 i 57 =5 e 01

From MH-110 To |-108 18 Lin. Ft.
Structure:
No. |-108 Type WR
Qi V1 LOSSES
Q2 A
Q3 V3
Q3/Q1 = #DIV/0! Total losses

MH-110 HGL 27.94

15" @ 0.01 % 0.00
Deflection 27.94
A 0.00 Crown = . 28.05
B 0.00
(o4 0.00
D

0.00 TOTAL 28,05

e e e T e

From MH-108 To MH-109 66 Lin. Ft.
Structure:
No MH-109 Type A
Q1 1.60 V1 1.30 LOSSES
Q2 2.85 V2 2,32
Q3 1.28 V3 1.04
Qs/al = 80.0% Total losses
From MH-109 To |-106 & 105 11 Lin. Ft.
Structure:
No [-106 & |-106 Type D
Q1 Vi LOSSES
Qz2 V2
Q3 V3
Q3/Q1 = #DIV/0! Total losses

MH-108 HGL 27.80
15" @ 0.19 % 0.13
Deflection 45 27.93
A 0.03 Crown = 27.73
B 0.06
C 0.02
D 0.04
0.14 TOTAL 28.07
18" @ 0.06 % 0.01
Deflection 0 28.08
A 0.00 Crown = 27.89
B 0.00
& 0.00
D
0.00 TOTAL 28.08

R e e e e e e e o e T e o - e e S
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HYDRAULIC GRADIENT COMPUTATION FORM
GRISCOM SQUARE

MH-106 HGL 26.89
From MH-106 To MH-107 101  Lin. Ft. 15" @ 0.57 % 0.58
Structure:
No MH-107 Type A Deflection 45 — 27.46
an 272 V1 2.22 LOSSES A 0.08 Crown = 27.48
Q2 4.90 V2 3,99 B 0.17
Q3 2.16 V3 1.76 C 0.04
D 0.03
Q3/Q1 = 79.4% Total losses 0.a3 TOTAL 27.81
From MH-107 To |-109 & 110 11 Lin. Ft. 15" @ 0.18 % 0.02
Structure:;
No |-109 & 110 Type WR Deflection e 27.83
Q1 V1 LOSSES A 0.00 Crown = 27.69
Q2 V2 B 0.00
Q3 V3 c 0.00
D
Q3/Q1 = #DIV/0! Total losses 0.00 TOTAL 27.83
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VI. Downstream Analysis

Runoff from this site will be treated for water quality and recharge prior to being
conveyed via the storm drain system to an existing 43” x 68” storm drain pipe on the east
side of Bay Ridge Avenue, approximately 250 feet north of Tyler Avenue. The runoff
discharges from an existing headwall at the head of a channel which discharges into Back
Creek. The outfall at the headwall is stabilized with a riprap apron. The meandering
channel is generally stable with minor signs of erosion. The overbank areas are wooded
with dense undergrowth. The existing outfall area will remain stable upon completion of
this project.

8%



GRISCOM SQUARE
DOWNSTREAM ANALYSIS
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PHOTO #1 - 53 x 83" RCP




GRISCOM SQUARE
DOWNSTREAM ANALYSIS

PHOTO #3
STABILIZED SLOPES DOWNSTREAM OF PIPE OUTFALL

PHOTO #4 STREAM BED
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DOWNSTREAM ANALYSIS
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Appendix A - Geotechnical Report — Marshall Engineering




MNpr 0% 06 11:35a FARSHALL EMNGINEERING 4laanarsay p.a

Marsrarr EnGINEERING, INC.

GEOTECHNICAL ENGINEERS
3161 Solomons Isiand Road, Suite 2+ Fdgewater, MD 21037
(410)956-7820 « FAX (410)956-1537

Robert A O'Berry Lisa P. Carroll

Geatechnical [nglneer Project Manager

Johrn P, Marshall, P.L.
President

April 5, 2006

John Pilli
197 Hanover Strect
Annapolis, MD 21401

Re:  Geatechnical Investigation

Proposed SWM/Infiltration

1402 Bay Ridge Road

Anne Arundel County, MD

MEI Job No. 06074
Mr. Pilli;

Submitted here is the reporl of our geotechnical investigation al the above referenced
site. The purpose of this study was to determine the suitability of the subsurface profile at
locations specified by your engineer, Dave Grimm of Drum, Loyka & Associates, |1.C,

(Drum/loyka) for the use of infiltration for stormwater management design.

FIELD INVESTIGATION
To d:ﬁ:tc-‘-:rmino the subsurface conditions, five hand auger borings (labeled B4

through B-5) were made to depths of 12 to 16 feet below the existing ground surface, The
boring locations were slaked by representatives from Drum/l oyka, Soil technicians made
the borings, visually inspected and classified lhe soils encountered and also obtained
samples for subsequent classification by our geotechnical staff, Boring Logs, a Boring
Plan and the laboralory test results are attached, On the | ogs, the soil classifications are
based on the USDA Textural Triangle with the Group Symbol based on the Unitied Soils

Classification System (USCS) also included.
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1402 Bay Ridge Road
Proposed SWM/Infiltration
ME! Job No. 06074

April 5, 2006

PVC pipas were installed at all five of the boring locations so that infiltration tests
could be: porformed to measure permeability, The depths of the tests were established to

pe above ground/perched water and within deposits considered possibly suitable for

infiltration.  Information concerning each test installation is given on the appropriato baring
log. The infiltration lests were done in accordance with current Anne Arundel County and

Maryland Department of the Environment (MDL) requirements. A surmmary of each test is
also attached,
GENERAL SUBSURFACE CONDITIONS

Based on the Geologic Map of Anne Arundel County, prepared by the Maryland
Geologic Survey, the geologic profile at the site consists of the Aguia TFormation. In

general, the subsurface profile at (he boring locations, to the maximum depths
investigated, 12 to 16 feet, consists of layered Sandy | oams (SM, SC 5M) and Sandy
Clay Loams with some random Sandy Clay (SG-CL) and Glay Loam (CL) layers. Surficial
deposits of Fill and/or Possible Fill [Fill?] soils, defined herein as material that had visual
evidence it might be Fill but no positive indicators, were encountered at all the boring
locations, excepl B-3, ranging in depths from 4 to 6 foot, Water was encountered al lhe
locations of Borings B-4 and B-5 at depths of 13 and 13.5 feet, respectively. Perched water
was noted at the locations of Borings B-1, B-2 and B-4 at depths of belween 4 and 5 feot
and moist lo very moist soil conditions were notad throughout the subsurface profile al all
of the boring locations, It is noted that ground/perched water levels may vary at different

times due to seasonal changes, precipitation and local runoff.

Given below is a general summary of the profile at Borings 31 through -5 relative

to infiltration potential

Infiltration

Boring
No. Depth Description Polenlial®
B-1 0'-4' Intermixed Sandy Loam and Sandy Clay Loam Foor
[Fill]
4'-5' Sandy Loam |Fill?] Slow

R PRL Sandy Clay Loam Poor
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Fage 3
1402 Bay Ridge Road
Proposod SWM/Inhltration

FHGIMEERING 4109561537

MEI Job No. 06074
April 5, 2006

Boring
No. Depth Deseription
B2 0'-3' Sandy Clay Loam (Fill)
3.4 Clay Loam [Fill]
4'-6' Intormixed Sandy Clay Loam and Sandy Loarm
(Fi?)
67 Sandy Clay Loam
7'-8' Sandy Clay Loam with Clay Loam layers
810 sandy Clay | pam
10115 Laycred Sandy Loam and Sandy Clay | oam
11,5'-12 Sandy Loam
B3 0.2 Sandy Clay
2'-5' Sandy Clay Loam
57 Sandy Loam to Sandy Clay L oam
/=11 Sandy Loam
1112 Sandy Loam
B-1 0'-2' Sandy Loam [Fill?)
2'-4' sandy Clay Loam [Fill?)
4.5 Sandy Loam [IFill?]
5'-9' sandy Clay Loam
9'-1q' Sandy Loam
1113 Sandy L.oam within Sandy Clay Loam layers
13" Water encountered
B-5 0'-4' Sandy Loam [Fill?)
4'-6' Sandy Clay Loam
6'-8' sSandy Clay Loam w/Clay Loam layers
810 Sandy Loam w/thin Sandy Clay Loam layers
10'-11.5"* Sandy Loam
11,513 Sandy Loam wi/thin Sandy Clay | .oam layers
13135 Sandy Loam
13.5 Waler encountered

" Relative Permeabliity Ratings by Marshall Engineering, Inc.
Foar = Not considerad sultable for infiltration (can be due to thin layers)

Slow = Probably suitable, but stow (Prel, |

1.0 in/hr,)

Good = Probably suitable (Prel | = 2.5 in Air)
" Pattormed Infiltration Testing in this layer.

"t Where a dual infiltiation  potential i provided, the slower infiltration ralo &

design unfess field infilttation can verity a ligher rate,

Infiltration
Potential*

Paor
Unsuitable
[Poor

Foor
Unsuitable
Foor
Foar
Slow

Unsuitable
Foor
Slow/Paor**
Slow
Slow

Slow
Foor
Slow
Foor
Slow
Slow/Paor=*+

Slow
Hoor
Unsuitable
Slow/Poar
Slow
Slow/Poor*
Slow

hould he used for

5
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1402 Bay Ridge Road
Proposed SWM/Infiltration

MLt Jdob Ne. 06074
April 5, 2006

;.‘n_,'

I'he permeability classification and preliminary infiltration rates ("I") given above are

based on information from DNR publications which relate infiltration rates to soil

classification based on the USDA Textural Triangle and our experience wilh similar soil

types and condilions

Concerning actual infiltration rates, reference is made to the attached infillration

lest Summary. The results of our infiltration lesting are tabulated below.

Boring
Number

B3-1
B-2

B4
B-5

Test
Depth

8'
11
8.5
10°
10

Sail Tested Infiltration
Rescription Range (in./hr )
Sandy Clay [.oam 01t0.2
Layered Sandy Loam and Sandy Clay | oam 0.0t00.2
Sandy [ oam 181043
Sandy Loam 1.1t 2.8
271039

Sandy Loam

CONCLUSIONS & RECOMMENDATIONS

Itis concluded from this investigation that portions of the subsurface profile at the
locations of borings B-3, B«4 and B-5 are suitable for the use of infiltration for stormwater

management.  The design rates listed below can be used for design of any infiltration

system siluated within the Sandy Loam depaosits and conforming with current Anne
Arundel County and MDE requirements, Due to Lhe presence of thin Sandy Clay Loam
layers within some of the Sandy Loam deposits these design rates are contingent upon the
installation of an overflow device. It is noted that some of the Sandy Loam soils within the

upper subsurface profile at the location of Boring B-5 are noted as Fossible [l solls. Test

pits are recommended at this location in order to confirm the results of our soil borings

concerning extent, content and condition of the Possible [ill soils
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1402 Bay Ridge Road
Proposed SWM/Infiltration
ML Job No. 06074

April 5, 2006

Design Infiltralion

Boring
No. Depth” Deascription Rate (in./hr.)
B-3 712 Sandy Loam 1.02*"
B-4 914" Sandy Loam w/thin Sandy Clay Loam layers 1.02%
B-5 0'-4' Sandy Loam [Fill?) 1.02*

§-13.5"  Sandy Loam wrthin Sandy Clay Loam layers 1.02**

"Adjustments in the SWM  device depth may be required to consider the presence  of
ground/perched waler, ironstone layers or soils with slower nfiltration rates below this depti

based on Anne Arundel County/MDE requirements,
" Based on the installation of an overflow device

The design infiltration rates are slower than the final measured infiltration rales o
account for the possible slower rates of some of the layered soils and the presence of
Possible Fill. Thin Sandy Clay Loam layers exist within the deeper profiles at the localions
of Borings B-4 and B-5 from depths of 9 to 12 feet and 8 to 12 feel, respectively, that may
limit vertical infiltration, However, it has been our experience (verified by field testing) that
lateral infiltration should also be considered within his lype of profile. It is also noted Ihal,
at the location of Boring B-4, perched water was encountered al a depth of 4 to 5 feet and
may need to be considered in the design of any infillration system. The upper subsuiface
profiles at the locations of Borings B-3 and B-4 as well as the entire profiles at the
locations of Borings B-1 and B-2 are unsuilable for the use of infiltration for stormwalter

management due to sails with unsuitable infiltration rates.

A Geotechnical Enginecr should inspect the subgrade of any infiltration system
designed on the basis of this report in order to compare the subsurface conditions wilh
those encountered in the borings and used for design.  This is essential due to the
Fossible Fill conditions noted in the upper subsurface profiles at some of the boring

locations. If conditions are not the same, changes may be necessary

FINRSHALL ENGIMHEFRTNG 108561537 p.B
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1402 Bay Ridge Road
Froposed SWM/Infiltration
MEI Job No, 06074

April 5, 2006

REMARKS

This report was compiled based solely on the resulls of the soil test barings
performed at the project site,  |he recommendations wore developed from the information
obtained in the test borings which depict subsurface condilions only at these specific

locations and at the particular time designated on the logs.  Soil conditions at other
locations may differ from conditions occurring at these boring locations. Also, the passage

of ime may resull in a change in the soil conditions at the haoring locations.

I'he nature and extent of variations between the borings may not become evident

until the lime of construction. I variations become evident, it will be necessary to re-
evaluate the recommendalions in this report after performing on-site observations during
the excavation period and noting the characteristics of any variation. However, only minor

variations that can be readily evaluated and adjusted during construclion are expected,

Our professional services have been performed, our findings obtained and our
prepared in - accordance  with  generally accepted  geotochnical
Ihis warranty is in lieu of all other warranties either

recommendations
engineering principles and practices,
expressed or implied, This company is nol responsible for the conclusions, opinions or

recommendations made by others based on this data,  [f during conslruction, any

problems or deviations are encountered conlrary to our findings, Marshall Engineering, Ine,

should be notified immediately

We have apprecialed this opportunity to provide our services to you on this project,

If we can be of any further assistance, ploase do nol hesitate to contact our office,
T Iﬁv”ra_

OF s

Very truly yours,
MARS/HALL I:NGINLI:RING INC.

/ f,x// o if (

John . Marshall, P.t:.

Lisa P, Carroll
Project Manager
JPMALPConee

Comes, Cllent  Mail (1)
Drumd ayka, Attn. Dave Grignm -~ Ml (2); FAX {n
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HAND AUGER SUMMARY
BORING NO.: B-1
PROJECT. 1402 Bay Ridge Avenue PROJECT NO.. 06074
CLIENT. John Pilli DATE: 03/26/06
LOCATION: See Boring Plan ELEVATION: 204

LOGGED BY: LPG

DEPTH TO WA'TERZ?* AT COMPLETION: Dry AFTER .5 HOURS: Dry
DEPTH TO C/\VF’:-!NL‘* /\T CQMF’IETI()N: None AFTER .5 HOURS: None
ELEVATION/ | SOIL SYMEOLS:, YNAMIC COM) PENLTROML T4 1t T
SAMPLERS Us(s rjr.!sf;ri“n”n MM : ClURv |
BT AND TEST DATA REPTH N
. . . ‘ o L_.i [
Fin Intermixed Very Moist Olive
Hrown L Sandy Loam (5C-5M)
and Sandy Clay Loam (SC) whrace | 29
ironstone and shell fragments (1411
- wltrace orpanics below 3
28
] 0], -
M Wet Olive Brown Sandy Loam
0 (SMY[FiN?)
5G Maist to Very Moist Olive Brown | 18
and Giray Sandy Clay TLoam (SC)
Sreddish olive brown and olive
hrown below 6 26
24
7
120
Bottom ol Boging 12
L [ L

o perform infilivation cese, made horing to 8 and inytalled PVC pipe at loeat
annulus space it bhottom with beotonife pellets and water,

i FHI from this boving:, .‘\"vnlml nrond

|

This tarinatGn podaing anly ta this borng and ahauld nat be Interprated o being indicative of (i kil

Marshall Engineering, Inc.
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HAND AUGER SUMMARY
BORING NO.: B.2
PROJECT, 1402 Bay Ridge Avenue FROJECT NO.. 06071
CLIENT: John Pilli DATE: 03/26/06
LOCATION: See Boring Plan ELEVATION 284
LOGGED BY: LPC
DEPTH 1O WATER= AT COMPLE TION: Dy AFTER 1 HOURS: Dry
DEPTH TO CAVE-IN= AT COMPILETION None AFTER 1 HOURS: None
CLEVATION? | SOIL 5YMAOLS o ] bynawie cone pem .-.e@_@nﬁ;;m1g
SAMPLFRS USCs Descriptior NM®% _ CURVE
DEPTIH AND TEST DATA Freon BERTH NT
a . ) - T A I
o { Fi Muoist 1o Very Moist Olive Brown T
e : and Brown Sandy Clay 1Loam (5C)
\ [ 111 20
< ohive brown helow 2!
2.4
P U SRR 1.1 | ——— ‘
‘ Fil Very Moist Olive Birown and Gk
40| Brown Clay Loam (CL) w/irace
5C-8M ricees of meral [Fil1] .
[ntermised Very Maoist Olive
b Brown, Brown and Black Sandy
226 - Clay Loam (5C) and Sandy Lowm
6 B9 (5M) w/ienee orgames 11117
Lo et below §' e By
& Moist 1o Very Moist Olive rown ’
i Sandy Clay Lowm (50)
- w/CTay Loam (CL) layers from
7.8 22
0 ol ™ - w/Saudy Lo (5C-SM) Jaye
S50.5M - Whsndy Lo (SC-5M) ayers
1 below §' . -
Layercd Very Maist Olive Hrown 21
s B Sandy Loam (8C-SM) and Sindly
M 0 Clay Loam (SC) £ -
il Very Maisl Reddish Olive Brown
: " Sandy Loam (SM)
" Bottont ol Bormy 17
15
12 G
To pertarm infiltration test, made hl""ﬂ;’. to T anl installed PVO pipe af oeation 10" fl'ﬂ.l‘l‘lu;’.l.i“i_l‘l;l‘illu. Sealed o wnd
annulus spaee at bottom with beotonite pellets and water,
This infarniation potams only ta this banng and shauld nat he intrrpratind as bring indicative of the aite.

Marshall Engineering, Inc,
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Hpr
HAND AUGER SUMMARY
BORING NO.: B-3
FROJLCT: 1402 Bay Ridge Avenue FPROJECT NO.: 06074
CLIENT: John Pilli DATE: 03/26/06
LOCATION: See Boring Plan ELEVATION: 34+
LOGGED BY. | PC
DEFPTH 1O WATLER= Al (J()Mi;'Lﬂ:TlDN: Dy AFTER 2 HOURS: Diry
DEPTH TO CAVE-IN> AT COMPLETION: None AFTER 2 HOURS. None
CLEVATION | SOIL SYMDOL S, vann}ﬁ CONE PENG TROMETER 7]
SAMPLERS uacs “n‘-_-._r;np“o" WM % o CunRve
DEPTIH AND 15T DATA DEPTH N
e 56-CL Muist 1o Very Mot Olive: Brown N r—
: Sandy Clay (SC-C'1,)
25
a6
. 56 Maist 1o Very Moist Olive Brown
e Sandly Clay Loam (5C)
i
w/sandy Loam (5C.5M) layurs
a0 below o
5 N SRR VT . ‘
SC-5M Very Moist Olive Brown Sandy 19
Loam (SC-SM) (o Sandy Clay
L (5CY)
24
» SE-5M Meaist 10 Very Moist Dark Reddish | 19
- Olive Brown Sandy Loam (5C°-5M)
w/iraee ivonstone lepgments
o = very monsd below |0 19
i
R AT
3 5M Moist Reddish Ofive Brown Sandy | 19
8 1o Lo (SM)
Bottom ol Boring |12
125
20
1%
14 [
To pectorm imhltvation test, ru'.:(.;;vulrﬁup, tn 8.5 :1:1_d_inslu|lud I’V{ pipe at loention 10 fram lwl;i::_tminn. chlﬁl Jlt:(;uml
anmithis space at botlom with bentonite pellets und wilter,
Thig infarmation peitains anly 1o this boang and should not be interpreted as belng indicaliva of e 516

Marshall Engineering, Inc.
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HAND AUGER SUMMARY
BORING NO.: B-4
PROJECT 1402 Bay Ridge Avenue PROJECT NO - 06074
CLIENT; John Pilli DATE: 03/26/06
LOCATION: See Boring Plan ELEVATION: 284
LOGGLD BY: LP¢
DEPTH O WATER=> AT COMPLETION. Dry AFTER 24 HOURS: 13.0°
DEFPTH TO CAVLE- IN> AT COMPLETION None AFTER 24 HOURS: 14,5'
CLEVATION/ | 501 SYMBOLS, [T bynamic CONE PENE TROMETEI 1151
SAMPLERS 5CS aseripti i, N CURVI
BEPTH | ANDTESTONTA | Caseriplion NM% peeti |
- SG5M Very Mot Olive Brown Sandy
iR Loanm (SC-SM) | 1i117)
i 85C Moistio Very Maist Olivie Brown
! sandy Clay Loam (SC) | Fill?)
25 29 By .l wd
S Very moist w/trace organics
4,0 : :
M below 3
; Wet Tan and Gray Sandy Loam
b e 20 (SM) (1) R : 25
ey o Maist o Very Moist Reddish Olive
Brown and Olive Brown Sandy
Cliy Lonm (SC)
21
s
20
. 9.0 TN ,
HC-5M Maoist to Very Moist Roddish Olive | 19
Hraown Sindy FLoam (SC-5M)
I
Ve w/thin Sundy Clay Loam (8C)
layers below || 20
146
4 - T I EL ) I
SGM Wet Olive Brown Sandy [Loam
(SM) w/trace ironstone lrgments
15
125
6.0
Bottom ol Boring 16!
To pertorm infiltration test, m;ﬂ h:fi:li:"m 10" und installed PVC pipe at tocation £10° from this boving, Seuled wround
annulus space at bottam with bentonite pelleis and wiler,
Lhis nformiation pertaing anly to this borng and shauld nol b Inleipreted as bing mdicative of the ajle

Marshall Engineering, Inc.
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HAND AUGER SUMMARY
BORING NO.: B-5
PROJECT: 1102 Bay Ridge Avenue PROJECT NO.: 06074
CLIENT: John Pilli DATL: 03/26/06
LOCATION: See Boring Plan ELEVATION: 29 £,
LOGCGED BY: LG
DEFTH | O WATLR> Al COMPLLTION: Diry Al TER 24 HOURS: 13,5
PDEPTH 10 CAVE-IN= AT COMPLE | ION;  None AFTER 24 HOURS: 14.0'
ELEVATION/ | SOIL SYMNOLS PYNAMIC CONE PCNETROME L1 ﬁ;’
SAMPLERS USCy Liescription MM, CURVI
DEPTH AND TEST DATA DEPTH N
) - . : | R Eoi ; ‘ . -. N = o= 4 B o ”...
5M Muist o Very Moist Olive Brown [
sandy Loam (SM) w/trace organics
151 14
v
]
14
(B 4U VR b p - AR A (Y
SC Very Moist Olive Brown Sandy
Clay Loam (5C)
n
MOISt L0 very moist bolow 5"
=wiClay Loam (CL) layers below
Pih ' 24
5C-5M Muoist to Very Moist Olive Brown
Sindy Lowm (SC-SM) w/ihin Sandy
Clay Loam (5C) layers 18
10.0
SM Moist (o Vory Moist Reddish Ofive
Brown Sandy Loam (SM)
i
- w/thin Sandy Clay Loam (S0
174 layers (rom | ],5-13"
wot with trace ironstong
traggmients below |4
16
160
Battom of Boring 16
126 e s ] . — a — 1
To pecform infiltration fest, made boving (o 10" nond installed 1PV pripe at loeation 410 from this horing. Sealod around
unmulus spuce at hottom with bentonite pellets snd waler,
This anformation pedans only o thio ot and should not be interprsted as Belg indicatives of i sitn

Marshall Engineering, Inc,
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INFILTRATION TEST SUMMARY

1402 Bay Ridge Road
Anne Arundel County, MD
April 5, 2006

Boring Test lima infiltration
Number Depth Quration (min,) Rate (In./Hr,)

(-1 8' G0 0.2
60 0.2

60 0.1

60 0.1

B-2 i G0 0.2
G0 0.1

60 0.1

GO 0.0

B-3 8.5 60 4.3
G0 3.1

60 2.6

60 1.4

14 10.0' 60 2.8
GO 2.4

60 1.9

GO 1.1

B-5 10.0° GO 3.9
GO 3.7

GO 2.7

2.7

60



Mpr

5

Report

Particle Size Distribution

IM INCHES

(1t

W
-

NN

pE

SIEVED

LS

2l
Vi

123

E1+3%a

FIFRSHOE L EMGIMHEER MG

PERCENT COARSE N 1Y WEIGHT

i “ ] =] A
W 5 il ] &= &

; |

| i

[ i o o 3 g
) 0 o o B i

AHOEM A REINEL ENADH

4109561537

]
R

GRAN SIZE IN ¥ LM

LA

i~

| | o)
@) oy i

% SAND

P

[£4]
1t

i

L5 | o |
:‘glirm
6]

g

T
P

i

PTION

MATERIAL DESCR)

=]

SCOURCE

i
t
L}
]

4
&

)

i
it by
o 2

i
= sod
|
. [%4]
R
:’5‘; 'Iu’ ;".!
ol 2 '“.:

R [
o ] d
=1 =
o =
[ 0
e O
= [
o |4

s
o] e,
ol [
R

i
(&

Y

&

?' L

L -

L [

e}

w )

st £

(£ 5] [r2]

el ol

[24) rr

[wr [l )

Lo ]
= =

;
1 I
LR Y
4 4
[4a] 4]

S

Bav Ridez an

1442

iect

i

-~
(=3

B2

| MARSHALL ENGINEERING, INC, |

T Ng

(3]
il




Apr O OG 11:3%74 FIARSHIN L EMGIMLER TG 11095616507
L ) GO RS I (=

PERGENT COARSER BY WEIGHT | ‘
]

o ¥ 8 @8 % B & » g gy 8 P
U ‘|
| | 1 | 5

| [+ % |
, ‘ | | o '-li. |

: i3

o IR |
, | f 4
! 1 | ¢

Iﬁ’.’ I /
il s .

b /

B e
1

| 2 L

/| ' @l =

' i a PR

| o

‘ i | j=| £
| i i

[ B

! )"

a

! j ]
’ ' o
A =

: ' & &

i
]
i

8
NC. |

Report

S

ion
NLMB
]
R

' ¢
et 11 E
=3 ; ‘ = e
Lid )
0 ! . i
v 5(5|S 5
b ' = f‘g ! _Z__
A% o | z|” &)
m i | b s
| | - " L
@ r_n 3]l -
N | | z g =|
0 — H I P é qo
) o) e o
@ ‘ 0
of | | g 2
O ‘ . i -
- —-— = | =)= :i.‘
t ; | — o | 42
, . A%
i =l
Sla | l . bl =
g ! ! ‘ , 0
) ’ : {5
=« 7
= J | i o
S . | ' o |
[ & o ' a; < | L
= i )
e | { a b ¥
Ll L . -
B ! ' [ i k=i fl
a Y ! |
w o i | 0
g’ by
i ’ i ?»' (4 2
o i ' ;S 1
. ; ‘ &
i . B -t
o
(M I'.IJ
(73] hpd |
J o il z %)
e P 0 ol =
' s i [ = o o]
S I
| it ] a5 )
! ' =2 @l -
[ — : ) = | L ] 5 I ry e
8 8§ 8 & 8 & ¥ 8 8 7w SRR
B D o)
LHOLIM ALY NG ENIONA = — olal |a







Appendix B - Geotechnical Report — O’Berry Engineering




O’BERRY ENGINEERING, INC.

GEOTECHNICAL ENGINEERING + CONSTRUCTION INSPECTION
3161 Solomons Island Road, Suite 2 - Edgewater, MD 21037
(410) 956-7820 - FAX (410) 956-1537
obei@oberryengineering.com

Robert A. O'Berry, P.E. Lisa P. Carroll
President Project Manager
July 13, 2015

Pilli Development Company, Inc.
197 Hanover Street

Annapolis, Maryland 21401
Attention: John Pilli

Re: Geotechnical Investigation
Proposed SWM/Infiltration
Griscom Square
Anne Arundel County (Annapolis), MD
OBEI Job No. 15059

Mr. Pilli:

Submitted here is the report of our geotechnical investigation performed at the
referenced site. The purpose of this study was to determine the suitability of the subsurface
profile at locations specified by your engineer, Drum, Loyka and Associates, LLC (Drum), for

the use of infiltration for stormwater management.

FIELD INVESTIGATION
To determine the subsurface conditions, four borings (identified as SWM-1 through

SWM-4) were performed to a depth of 15 feet below the existing ground surface. The
boring locations were staked by Drum. Soil technicians augered the borings, visually
inspected and classified the soils encountered and also obtained samples for subsequent
classification by our geotechnical staff. A Boring Plan and the Boring Logs are attached.
On the logs, the soils have been classified using the USDA Textural Triangle with the group
symbol based on the USCS also included. The depths given on each log were referenced
from the existing ground surface at the time of our investigation. Elevations at the boring

locations were taken from the site plan provided to our office by Drum.
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Griscom Square
Proposed SWM/Infiltration
OBEI No. 15059

July 13, 2015

LABORATORY AND FIELD TESTING
Laboratory Sieve/Hydrometer tests were performed on selected samples from the

borings to help establish textural classification for determining infiltration rates and other
soil properties. The results of these tests are plotted as gradation curves on the attached
‘Particle Size Distribution Report” form. Shown on the boring logs are natural moisture

contents of selected samples taken from the borings.

After completion of the borings and review of their results, PVC pipes were installed
near three of the boring locations so that infiltration tests could be performed to measure
permeability. Information concerning each test installation is given on the appropriate
boring log. The infiltration tests were performed in general accordance with current Anne
Arundel County and Maryland Department of the Environment (MDE) requirements.

GENERAL SUBSURFACE CONDITIONS
Based on the Geologic Map of Anne Arundel County, prepared by the Maryland

Geologic Survey, the geologic profile at this site consists of the Aquia Formation.
Generally, the subsurface profile at the boring locations consists of layered Loamy Sand
(8M), Sandy Clay Loam (SC) and Sandy Loam (SC-SM) deposits. Observations
concerning water were made while augering the borings, at completion of the borings and
24 hours after completion of the borings as indicated on the boring logs. Water was
encountered at the locations and depths noted on the following general summary of the
profile. It is noted that water levels may vary at different times due to seasonal changes,

precipitation and local runoff.

Given below and on the following page is a general summary of the profile at the

SWM boring locations relative to infiltration potential.

Boring Soil Infiltration
No. Depth Description Potential®
SWM-1 0'-15% Loamy Sand Good
1.56'-8.5' Sandy Clay Loam Poor
8.5'-10.5 Loamy Sand Good

10.5' - 16™* Sandy Loam Slow
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Griscom Square
Proposed SWM/Infiltration
OBEI No. 15059
July 13, 2015

Boring
No.

SWM-2

SWM-3

SWM-4

*
Poor

Slow
Good

It

Depth
0'-10.5
10.5'-11.5
11.5'-13.5
13.5
0'-=1.8"
1.5'-6.5'
6.5 -95"*
9.5 -11.5
11.5'-13.5
13.5'
0-15
1.5'-4.%
45 - 8.5
B.5' — 14 5™
14.5'

Soil
Description

Sandy Clay Loam
Sandy Loam
Loamy Sand w/Sandy Clay Loam layers
below 12.5'
Water encountered at 13.5’

Loamy Sand
Sandy Clay Loam
Sandy Loam w/Sandy Clay Loam layers
below 8.5’
Loamy Sand w/thin ironstone layers
below 10.5'
Sandy Loam w/random thin ironstone
layers
Water encountered at 13.5'

Loamy Sand
Sandy Clay Loam
Sandy Loam
Loamy Sand
Water encountered at 14.5'

Relative Permeability Ratings by O'Berry Engineering, Inc.:

Infiltration
Potential*

Poor
Slow
Good/Poor***

Good
Poor
Slow/Poor***

Good/Poor***

Slow/Poor***

Good
Poor
Slow
Good

Not considered suitable for infiltration (can be due fo thin unsuitable soil
or ironstone layers),

Probably suitable, but slow (Prel. | = 1.02 in./hr.)
Probably suitable (Prel. | = 2.5 in./hr.)

** Infiltration Testing performed in this layer.

*** Where a dual infillration potential is provided, the slower infiltration rate should be used
for design unless field infiltration can verify a higher rate.

The permeability classification and preliminary infiltration rates (“I") given above are
based on information from DNR publications which relate infiltration rates to soil
classification based on the USDA Textural Triangle and our experience with similar soil
types and conditions. The results of our field infiltration testing are tabulated below.

Boring  Test Test Soil Tested Infiltration
No. Depth El Description Range (in./hr.)
SWM-1 115 19.1 Sandy Loam 14t01.9
SWM-3 8.0 232 Sandy Loam 0.1t0 1.0
SWM-4 95 22.7 Loamy Sand 1.8t0 3.0
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CONCLUSIONS AND RECOMMENDATIONS
It is concluded from this investigation that portions of the subsurface profile at the

locations of Borings SWM-1 and SWM-4 are suitable for the use of infiltration for
stormwater management. The design infiltration rate listed below can be used for design
of any infiltration system situated within the natural Sandy Loam or Loamy Sand deposits
and conforming to current Anne Arundel County and MDE requirements. It is noted that

these rates are contingent on the placement of any overflow device.

Design
Boring Infiltration
No. Depth* Description Rate (in./hr.)
SWM-1 8.5'-18 Loamy Sand/Sandy Loam 1.02**
SWM-4 4.5'—-145 Sandy Loam/Loamy Sand 1.02**

*  Adjustments in the SWM device depth based on Anne Arundel County/MDE requirements
may be required to consider the presence of groundwater and soils with slower infiltration
rates below this depth or the depth to the bottom of the boring.

**  Contingent on the placement of an overflow device.

The remaining profile at these boring locations, as well as the entire subsurface
profile at the remaining boring locations, is unsuitable for the use of infiltration for
stormwater management due soils with unsuitable infiltration rates, high soil moisture

contents and/or groundwater.

A Geotechnical Engineer should inspect the subgrade of any infiltration system
designed on the basis of this report in order to compare the subsurface conditions with
those encountered in the borings and used for design. If conditions are not the same,

changes may be necessary.

REMARKS
This report was compiled based solely on the results of the soil test borings
performed at the project site. The recommendations were developed from the information
obtained in the test borings which depict subsurface conditions only at these specific
locations and at the particular time designated on the logs. Soil conditions at other
locations may differ from conditions occurring at these boring locations. Also, the passage

of time may result in a change in the soil conditions at the boring locations.
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The nature and extent of variations between the borings may not become evident
until the time of construction. If variations become evident, it will be necessary to
re-evaluate the recommendations in this report after performing on-site observations during
the excavation period and noting the characteristics of any variation,. However, only minor

variations that can be readily evaluated and adjusted during construction are expected,

Our professional services have been performed, our findings obtained and our
recommendations prepared in accordance with generally accepted geotechnical
engineering principles and practices. This warranty is in lieu of all other warranties either
expressed or implied. This company is not responsible for the conclusions, opinions or
recommendations made by others based on this data. If during construction, any problems
or deviations are encountered contrary to our findings, O'Berry Engineering, Inc. should be

notified immediately.

We have appreciated this opportunity to provide our services to you on this project.
If we can be of any further assistance, please do not hesitate to contact our office.

Respectfully, i
O’BERRY ENGINEERING, INC. s
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President Yt Project Manager

RAOQ/LPC
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BORING PLAN AND BORING LOGS
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HAND AUGER SUMMARY

PROJECT: Griscom Square
CLIENT: Pilli Development Company, Inc.
LOCATION: See Boring Plan

DEPTH TO WATER> AT COMPLETION: Dry
DEPTH TO CAVE-IN> AT COMPLETION: None

BORING NO.: SWM-1

PROJECT NO.: 15059
DATE: 6/16/15
ELEVATION: 30.6'
LOGGED BY: RAO

AFTER 24 HOURS: Dry
AFTER 24 HOURS: None

ELEVATION/ | SOIL SYMBOLS,
SaMELERS uscs Description NM%|  DEPTH
DEPTH AND TEST DATA
—0 . : :
SM Damp to Moist Brown Loamy Sand (SM)
a0
1.5 6
sC Maoist to Very Moist Olive Brown Sandy Clay Loam
(SC)
2.5
27.5 -moist below 2.5' 14
-very moist below 5.5'
2 13
25
19
78
22.6 N o 8.5
SM Very Moist Olive Brown Loamy Sand (SM)
17
-moist below 9.5'
10
10,5
20 . e ; s 3 < o0
Syl SC-5M Moist Olive Brown Sandy Loam (SC-SM)
a 4
125 [
17.5 13
' .J'E
s 15.0
15 - —
Bottom of Boring 15'
16 -
175

To perform infiltration test, made boring to 11.5" and installed PVC pipe at location 10'+ from this boring. Sealed around

annulus space at bottom with bentonite pellets and water.

jcative of the gite

O'Berry Engineering, Inc.




HAND AUGER SUMMARY

BORING NO.: SWM-2

PROJECT: Griscom Square PROJECT NO.: 15059
CLIENT: Pilli Development Company, Inc. DATE: 6/16/15
LOCATION: See Boring Plan ELEVATION: 29.4'
LOGGED BY: RAO
DEPTH TO WATER> AT COMPLETION: Dry AFTER 24 HOURS: 13.5°
DEPTH TO CAVE-IN= AT COMPLETION: None AFTER 24 HOURS: None
ELEVATION/ 50IL SYMBOLS,
SAMPLERS Uscs Description NM % DEPTH
DEPTH AND TEST DATA
| ° | sc Moist to Very Moist Olive Brown Sandy Clay Loam
(50)
17
27.5
25
14
25
8 16
225
17
7.5
17
20
10
.. 10.5 ‘
SC-5M Moist to Very Moist Reddish Olive Brown Sandy Loam
11.5| (SC-SM) 13
e SM Very Moist Reddish Olive Brown Loamy Sand (SM)
heal -olive brown w/Sandy Clay Loam (SC) layers below
2.5 18
w
-very moist to wet below 13.5'
15
‘ 15.0
15
Bottom of Boring |5’
12,5
17.5

O'Bérrv Engineering, Inc.



HAND AUGER SUMMARY

PROJECT: Griscom Square

CLIENT: Pilli Development Company, Inc.

LOCATION: See Boring Plan

DEPTH TO WATER> AT COMPLETION: Dry
DEPTH TO CAVE-IN> AT COMPLETION: None

BORING NO.: SWM-3

PROJECT NO.: 15059
DATE: 6/16/15
ELEVATION: 31.2'
LOGGED BY: RAO

AFTER 24 HOURS: 13.5'
AFTER 24 HOURS: None

ELEVATION/ S0IL SYMBOLS,
SAMPLERS uscs Description NM% DEPTH
DEPTH AND TEST DATA
0 =T : :
M Moist Brown Loamy Sand (SM)
30 1.5 12
sC Moist Olive Brown Sandy Clay Loam (SC) w/trace
ironstone fragments
2.5
~moist to very moist below 4.5 15
27.5
& 17
5C-5M Very Moist Reddish Olive Brown Sandy Loam (SC-SM)
19
7 -w/Sandy Clay Loam (SC) layers below 8.5'
22,5
| 9.5 21
" 5M Very Moist Olive Brown Loamy Sand (SM)
-w/thin ironstone layers below 10,5’
20 11.5 22
5C-5M Very Moist to Wet Reddish Olive Brown Sandy Loam
: (5C-5M) w/random thin ironstone layers
12;¢
-w/Loamy Sand (SM) layers below 13.5' 23
b 4
17.5
15.0
15 R
Bottom of Boring 15'
15
17.5

To perform infiltration test, made boring to 8' and installed PVC pipe at location 10'+ from this boring. Sealed around

annulus space at bottom with bentonite pellets and water.

O'Berry Engineering, Inc.



HAND AUGER SUMMARY

PROJECT: Griscom Square
CLIENT: Pilli Development Company, Inc.
LOCATION: See Boring Plan

DEPTH TO WATER= AT COMPLETION: Dry
DEPTH TO CAVE-IN= AT COMPLETION: None

BORING NO.: SWM-4

PROJECT NO.: 15059
DATE: 6/16/15
ELEVATION: 32.2'
LOGGED BY: RAO

AFTER 24 HOURS: Dry
AFTER 24 HOURS: 14.5'

ELEVATION/ S0IL SYMBOLS,
SAMPLERS Uscs Description NM % DEPTH
DEPTH AND TEST DATA
0 i
J 5M Moist to Very Moist Brown Loamy Sand (SM)
1:5 12
5C Moist to Very Moist Olive Brown Sandy Clay Loam
20 (5C)
25 :
18
‘ 4.5
- 5C-5M Moist Olive Brown Sandy Loam (SC-SM)
13
-very moist below 6.5'
25 18
7.5
- 8.5
5M Very Moist Olive Brown Loamy Sand (SM)
18
225 -reddish olive brown 11.5'
10
-wet below 14,5
18
20
12.5
16
17.56 15.0
15 —
Bottom of Boring 15'
15
|- 178

To perform infiltration test, made boring to 9.5' and installed PVC pipe at location 10'+ from this boring. Sealed around

annulus space at bottom with hentonite pellets and water.

O'Berry En

Sile

gineering, Inc.
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